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Abstract: This is a review article that considers various kinds 
of nanoparticle based devices appropriate for cell-level 
diseases treatments or diagnostic, especially in relation to 
cancer diseases. Today, it is commonly agreed that 
nanopartcle based medicine may significantly improve the 
therapeutic achievement of many drugs by: guarding the drug 
from the degradation and /or metabolization; improving drug 
transport through biological barriers (i.e., endothelia and 
epithelia); enhancing the intracellular diffusion of drugs with 
deficient intracellular penetration; regulating the drug 
release; and aiming at the diseased area, thereby increasing 
the pharmacological activity and decreasing the drug’s side 
effects and toxicity. In that respect some state of the art 
nanoparticle based medicine devices are described in regard 
to their structure and use. The drug transport and diagnostic 
devices are considered such as coated nanovectors for drug 
transport, nanovectors used for cell heating, shell like 
nanovectors and polymer based nanovectors. Also the 
possible detrimental effects are concerned, particularly in 
relation to the shapes and substances of the nanoparticles.   
Keywords: Nanoparticle, Devices, Disease Treatment,  

 
1. INTRODUCTION  
 
The size of nanoparticles enables them to 

move easily in and out of most cells and blood 
vessels in our bodies and to interact directly 
with most biomolecules. Also, their surfaces 
can be adapted to improve their ability of 
passing through cell membranes as well as 
epithelial or endothelial layers of cells 
(commonly the cells that line the cavities of 
bodies or cover flat surfaces, like skin cells). 
So, there is a great potential of possible medical 
uses for nanoparticles [1,2,3]. 

Taking into consideration that many drugs 
have intracellular area as their site of action, the 
efficacy of a drug depends on its sustained 
availability at the targeted delivery site. For 
example, the nucleus is the site targeted by anti-
cancer drugs whereas cytoplasm is the common 
target of steroids. So, particle should be 
sufficiently small in order to get transported 
across the membrane and this transport occurs 
more readily for nanoparticles than for micro-
particles [4,5]. 

The features of good drug carrier must 
take into account the inability of transported 

drug molecule to effectively avoid drug 
degradation, its ability of transportation across 
the membranes and reaching the intended 
delivery site inside the cell, reduction in side 
effects, the encapsulation efficiency, the 
leakage of water-soluble drugs in the presence 
of blood components and storage stability.  

Also, the use of nanoparticles for drug 
delivery purposes becomes important because 
of their high surface-to-volume ratio, enhanced 
detection features and possible protection of 
drug molecules. A high proportion of atoms 
contained in metal nanoparticles will be present 
at their surfaces. The surface-to-bulk ratio bears 
a strong inverse dependence on particle size. A 
high surface-to-bulk ratio ensures strong 
interaction between nanoparticles and the 
reacting species.  

Drugs can be associated with the 
nanoparticles in entrapped, encapsulated or 
attached form, or particle themselves can be a 
cure. Such systems are frequently called 
nanovectors. Nanovectors are being 
synthesized in various forms such as 
nanospheres (drug present on the nanoparticle 
as the capping agent), nanoshells [6] (drug 
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confined in a cavity surrounded by a polymeric 
layer, nanotubes, etc. The purpose of 
encapsulation or entrapment is to gain a better 
degree of control over the drug release process. 
This approach finds favor for effective and 
steady drug delivery over conventional drug 
due to kinetic behavior observed during drug 
release. Encapsulated nanovectors based drugs 
are observed to show nearly zero-order kinetic 
profile whereas conventional oral drugs follow 
first-order kinetics leading to unsteady drug 
release at the location of drug delivery. Various 
kinds of approaches can be used to attach drugs 
to nanovectors. There can be electrostatic 
interaction or covalent binding between the 
nanoparticle and the drug. The nanoparicle 
surface can be made electrically neutral or 
charged, depending on the functional group 
present on the surface. The surface properties 
can be arranged in relation to the drug-
nanoparticle interaction required. 

 
2. COATED NANOVECTORS 
 

Coated nanovectors are made of drug-
coated metal nanoparticles. Typical metals 
encompass gold, silver, platinum and 
palladium. It is quite obvious that the response 
of these nanovectors is a function of the 
thickness of the coating agent. When these 
nanovectors are irradiated with a laser of 
known intensity, the release of the drug coat 
present on the nanoparticle surface is produced. 
The release process can be enforced by utilizing 
of an alternating magnetic field as well (Fig. 1). 

 

 
Figure 1. A coated nanovector 

 
This approach to the release of coating 

agent, because of its high selectivity can have 

consequences in cancer treatment. A high 
surface-to-volume ratio of nanoparticles 
enables them to transport large quantity of 
drugs into the affected area. 

There are also possibilities to coat 
nanoparticle surfaces with antibody molecules, 
specific to a particular protein present in the 
human body. This can have profound 
implications in cancer detection, protein 
immunoassay and biosensing. 

Figure 2 shows a nanovector consisting of 
a large (∼100 nm) magnetic nanoparticle that 
has the molecules of drugs attached on the 
outside and doesn’t use targeting molecules but 
is instead steered into the region of the tumor 
by a strong external magnetic field gradient. 
After concentrating the magnetic nanoparticles 
in the desired area, they must be incited to 
release their drugs; that can be accomplished by 
attaching the drugs molecules with a linker that 
releases them in response to a small 
temperature rise. Applying an external 
oscillating magnetic field would induce a low 
intensity heating which would suffice to incite 
the release of the drugs molecules. 

 

 
 

Figure 2. Large magnetic nanovector for 
transportation purposes 

 
In order that drug transportation be 

possible, a sufficient force must be applied to 
the magnetic nanoparticles. That is enabled 
only if the magnetic nanoparticle is larger than 
about 50 nm. The material the magnetic 
nanoparticles are made of is usually iron oxide 
[maghemite (Fe2O3) or magnetite (Fe3O4)]. 
Often the particles are coated with dextran— a 
type of sugar used to improve their 
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biocompatibility and to make them suitable for  
easy of attaching other agents such as targeting 
moieties and drugs to the surface. Although the 
oxides are relatively easy to prepare, they have 
a saturation magnetization of only about 25% 
of that of pure iron and are much weaker 
magnets. This puts an enormous demand on the 
strength of the applied magnetic field gradient 
and limits the method to targeting near the 
surface of the body. Although pure iron 
nanoparticles would be much more effective, 
they are also more toxic than the iron oxides 
and cannot be used unless they are coated with 
a biocompatible material. However, a method 
has been developed that produces core-shell 
particles with a pure iron core coated in an iron 
oxide shell. Subjected to the magnetic field, 
these nanoparticles experience a much greater 
force compared to one piece iron oxide 
particles. Obviously, this lead to enhancing the 
efficacy of magnetic targeting. 
 
2. NANOVECTORS USED FOR 
CELLS HEATING 

 
In some cases it can be possible to do 

without the drugs and use the shear 
nanoparticles to provide the therapy by heating 
up in response to an external stimulus and 
killing the diseased cells. This is known as 
hyperthermia.  

In that situation the nanoparticles are also 
programmed to find a specific type of cell; and 
when in place, they can be heated by an 
oscillating magnetic field applied from outside 
the body, thus accumulating the heat into the 
local cell (Fig. 3).  

By adjusting the thicknesses of the core 
and the coating of a nanoshell, its surface 
plasmons can be adjusted to resonate at a 
frequency of incident radiation, thereby 
transforming the radiation into heat which is 
given off to the surrounding. 

Taking into consideration that relatively 
small temperature rises, namely of the order of 
10 ◦ C are required to kill the cells, so this can 
be an effective therapeutic method and 
dispenses with the need for the highly toxic 
drugs. The same nanoparticle will also enlarge 
the signal in an MRI scanner and so acting as 
its own contrast enhancer for diagnosis.  

 
Figure 3. Small magnetic nanovector for 

hypothermical purposes 
 

A similar hyperthermic approach applies 
Au based nanovectors (Fig. 4), which are 
distinguished absorbers of infrared light. Once 
the nanovectors are properly situated, the light 
can be applied at an intensity that is insufficient 
to damage normal tissue, but sufficient to kill 
the diseased cells with the attached Au 
absorbers. The nanoparticles enable the most 
effective heating in an applied oscillating 
magnetic field if they are approximately 5 nm 
in size. Again, the most research fulfilled up to 
now has used iron oxide nanoparticles, but 
heating rates, as stated before, could be 
dramatically enlarged if pure iron or cobalt 
nanoparticles could be used after rendering 
them nontoxic by coating in a biocompatible 
material. The coating would also facilitate the 
bonding of targeting moieties used to attach the 
nanoparticles to diseased cells. The same size 
of nanoparticle is used to enhance the contrast 
in MRI images. In addition, dextran-coated iron 
oxide nanoparticles are under a licence and 
commercially available in injectable 
suspensions for this use. 

 

 
Figure 4. Au nanovector for hyperthermical 

treatment 
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Gold nanoparticles are also extraordinarily 
efficient for clinical diagnostic purposes as they 
give strong signatures in optical absorption and 
fluorescence spectroscopy, X-Ray diffraction 
and electrical conductivity. 

Carbon nanotubes (Fig. 5) have also been 
studied in the capacity of nanovectors. They are 
strong optical absorbers of infrared [7] light and 
could be used for optical hyperthermia in a 
manner similar to that of Au nanoshells. In 
addition, their uptake in the body is different 
from that of other nanomaterials  

 

 
Figure 5. Nanotube based nanovector for 

hyperthermical treatment 
 
They can be made water-soluble by 

attaching PEG to them and it has been revealed 
that in this state they pass through the cells 
membranes and reach the interior of the cells.  

 
3. SHELL LIKE NANOVECTORS 

 
A fully functional shell like nanovector 

programmed to seek and kill diseased cells, 
commonly is composed of a core shell 
nanoparticle, which is a carrier of drugs, such 
as a hollow spherical liposome and a number of 
other ingredients [8]. The ingredients can be 
penetration enhancers that help it penetrate the 
walls of blood vessels in the region of the 
tumor and reach the tumor cells themselves and 
contrast enhancers that boost its signal in 
diagnostic MRI or in optical imaging. On its 
surface the nanovector can be covered with 
targeting molecules or moieties that will 
selectively bind to receptors that are unique for 
diseased cells. The surface of the particle can 
also be enriched with polyethylene glycol 
(PEG) molecules that prevent the nanovector 
from being assaulted by macrophages, which 
form a line of defense in the body’s native 
immune system (Fig. 6). 

The nanovector that transports a drug 
needs to release its drugs when it reaches the 
target cell. This can be done by having the core 
particle made of a polymer that dissolves away 
at a predetermined rate emptying its contents, 
or, in the case of a targeted liposome, the core 

particle will merge with the membrane of the 
target cell, thereby delivering the drug. The 
targeting molecules can also be attached 
directly to the molecules of the drug so that 
they can be delivered to intended place, but the 
advantage of the nanovectors is that they can 
deliver large amounts of therapeutic or imaging 
agents each time they hit the target. 

In spite of the fact that liposomes have 
been tried as possible drug transporters because 
of their singular cappacity of avoiding drug 
degradation, reduction in side effects and 
targeted delivery, their efficacious employment 
has been limited because of their low 
encapsulation efficiency, rapid leakage of 
water-soluble drugs due to the presence of 
blood constituents and poor storage stability.  

 

 
 

Figure 6. Shell like nanovector  
 
Generally, in nanovectors-based medical 

applications the nanoparticles are programmed 
to locate specific types of cells (commonly 
tumor cells) and then either carry out some 
activiry to kill the cell (magic bullets) or 
visualize themselves with a very high 
sensitivity using an external diagnostic probe 
such as magnetic resonance (MRI) or 
ultrasound imaging (magic beacon). 

Liposome based nanovectors have been 
used for a long time for drug delivery and have 
been successful into a host of applications 
including cosmetics where they are used to 
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deliver anti-aging, skin-whitening, and 
moisturizing ingredients under the skin.  

Liposome based nanovectors are 
composed of a basic biological membrane 
rolled into a sphere that encloses the liquid in 
which it was created.  

Membranes are abundant in biology, 
forming the outer layer of all cells and 
enclosing arrangements within cells. The basic 
material of a typical membrane consists of a 
double layer of phospholipid molecules, which 
is made of a hydrophilic and a hydrophobic 
part. When the environment is aqueous the 
phospholipid molecules tie together to form a 
rug-like layer and then the layers will assemble 
to isolate the hydrophobic parts from the liquid. 
In that way double layer is formed that 
represents a very effective watertight seal and 
in real biological membranes contains also a 
large number of other agents that allow it to 
pass material bidirectionally in a managed 
fashion. The basic raw material is the same, 
however; and when liposomes meet biological 
cells, they tend to unwind and merge with the 
cell membrane, thereby releasing their contents. 
[9]. 

The cargo to be carried by the liposome 
can be simply loaded by including the drugs 
and other ingredients in the liquid in which the 
liposome is produced. Also, there is a 
possibility of dissolving certain types of drugs 
within the membrane itself. 

 
4. POLIMER BASED 
NANOVECTORS 

 
Attempts have also been directed towards 

developing biodegradable polymeric 
nanoparticles as potential drug delivery 
devices. In addition to the intrinsic feature of 
decreased cytotoxicity, biodegradable 
polymeric nanoparticles have also been found 
to be extremely suitable for controlled and 
targeted drug release, in spite of the fact of oral 
intake. The phenomenon of zero-order kinetics 
has been observed mainly for polymeric 
nanoparticles. In addition, they are also used for 
nasal and ophthalmic drug delivery. This group 
of nanoparticles are also indicated for use in 
neurological disorders, in which case a large 
number of other drugs fail. Furthermore, 
polimer based nanovectors for transport of 
vitamin molecules such as vitamin A and E, 
have potential applications in dermatology and 
cosmetics. 

There are also specific type of drug-
carrying nanoparticles that can be used as 
nanovectors that are known as dendrimers. 
These are polymers that are gradually 
developed in a tree-like structure from a central 
core in so called “generations.” Each successive 
generation increases the size of the nanoparticle 
and together with number of active sites on the 
surface that can be used for bonding external 
agents.  

For example, a five-generation (or G5) 
dendrimer has a diameter of 5.4 nm and 128 
active sites on its surface, while for a G6 
polymer these values increase to 6.7 nm and 
256, respectively. Dendrimers up to G10 are 
commercially available. 

 

 
Figure 7.  A dendrimer based nanovector 

 
In some cases the targeting can be 

unnecessary, dispensing with the need for 
targeting moieties by taking advantage of the 
specific properties of the tumor environment to 
gather the nanoparticles. For example, there is 
bad drainage from the region of a tumor 
because of a damaged lymphatic system 
causing fluid retention. There is also 
phenomenon, known as enhanced permeability 
and retention (EPR), caused by the fact that the 
blood vessels surrounding a tumor site are 
leaky, so the nanoparticles strive out of the 
blood vessels and thus accumulate in the 
region. Due to such effects, nanoparticles 
injected into the tumor environment show 
inclination to stay there and a properly designed 
polymer capsule will erode away, releasing the 
conents in a controlled way over a period of 
time. The efficiency of the retention of the 
nanovectors depends on their size and 
commonly they need to be approximately 100 
nm transversely. Some treatments of the kind 

-dendrimer 



 

34                                                           S., Simonović  

are already available, for example, liposome-
encapsulated molecules of a drug called 
doxorubicin were approved for the treatment of 
Karposi’s sarcoma and are now used to treat 
breast and ovarian cancers [10,11]. 

 
5. ON POTENTIAL DRAWBACKS 

 
A research aiming to produce a potential 

new therapy must guarantee that the cure isn’t 
worse than the disease. Problems can appear if 
nanoparticles don’t arrive where they are sent 
(biodistribution), if they linger in the body 
indefinitely after the therapy has been done 
(clearance), or if they manifest themselves as 
poisonous (toxicity). 

The toxicity of nanoparticles can occur in 
two ways: 
 inducing an hostile immune response,  
 behaving as a poison. 

Nanoparticle can strenghten these sources 
of toxicity in three ways:  
1) Surface area of nanoparticles is vastly 

increased in relation to the bulk material of 
the same mass. So, what can be 
insignificant immune reaction may be 
considerable one.  

2) Secondly, because of their high curvature, 
nanoparticles are far more chemically 
reactive than the same mass bulk material. 
That is the reason metallic particles are 
more readily ionizied than their bulk 
counterparts. It matters because the 
toxicity of some metals take place only in 
their ionized forms. 

3)  Thirdly, because nanoparticles are small, 
they can penetrate cells or gropu of cells in 
an uncontrollable manner. There is 
incomplete knowledge of what 
nanoparticles do when enter the living cell. 
They may cause some proteins 

denaturisation or be unvanted catalyser of 
some reactions. There is a great trust in 
immune system which is calibrated to 
macromolecules and not to nanoparticles. 
But nanoparticles may lack the features 
necessary to trigger adequate immune 
response, and the shape of nanoparticles is 
of particular importance in that respect. 
Acircular particles are especially 
problematic if they are longer than 
macrophages which can be incapable to 
swallow up and / or degrade such a 
nanoparticle. Althoug we regularly 
encounter some kinds of nanoparticles, 
carefulness is in order because many 
strangely shaped particles made from 
novel materials can be now produced. 

 
5. CONCLUSION  
 

Nanoparticles are the same scale as 
individual macromolecules, so there are the 
ways to take advantage of this fact in the field 
of medicine, by spreading out nanoparticles 
into human bodies, where they can manipulate 
molecules and interact with cells directly, in 
order to identify and treat diseased cells— 
particularly that of the cancer. Great 
improvements are being made in the use of 
nanoparticles for targeted drug delivery, 
diagnostic and direct curring. 

However, nanoparticles have not yet been 
proven safe enough for wide use within the 
human body because of a great number of 
permanent, auto-regulating, and delicate 
biological processes that takes place in the 
body. It’s of utmost importance that new 
nanoparticle based medical devices not impair 
these processes. Therefore full characterization 
of such nanodevices is necessary if the negative 
side effects are to be minimized. 
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