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Abstract. Application of antitumor chemotherapeutic drugs is hindered by a number of barriers, multidrug resistance that 
makes effective drug deposition inside cancer cells difficult is among them. Recent research shows that potential 
efficiency of anticancer drugs can be increased with nanoparticles. This review is devoted to the application of 
nanoparticles for cancer treatment. Various types of nanoparticles currently used in medicine are reviewed. The 
nanoparticles that have been used for cancer therapy and targeted drug delivery to damaged sites of organism are 
described. Also, the possibility of nanoparticles application for cancer diagnosis that could help early detection of tumors 
is discussed. Our investigations of antitumor activity of low-dimensional nanostructures based on aluminum oxides and 
hydroxides are briefly reviewed.

INTRODUCTION

Nanotechnology is a new and promising platform that aims to extend the range of present technologies for 
biological and biomedical applications [1, 2]. One of the reasons of interest to nanotechnologies is the controlled 
synthesis of materials and the possibility to obtain predefined physico-chemical characteristics. Also, changing to 
ultradispersive state gives new characteristics to traditionally used materials that aquire new properties unusual to 
micrometer-sized materials. Because of their size (less than 100 nm) these materials are similar to cells (10–
100 um), natural proteins (5–10 nm), DNA (2 nm wide and 10–100 nm long) in size [3, 4] that allows nanoparticles 
to be close to biological objects, to interact and to bind with them.

It is known that efficiency of cancer therapy depends not only on the drug itself, but also on drug delivery to 
target [5]. All cancer cells have various sensitivity to chemotherapeutic drugs. One of the major problems of 
effective application of standard chemotherapy drugs is the multidrug resistance of cancer cells that makes the 
deposition of the drug inside tumor cells difficult. As a result of their systemic administration only about 1% of drug 
reaches tumor cells [6]. In this regard, it is often necessary to increase the concentration of chemotherapy drugs that 
results in intensive damage of healthy tissues and organs. However, it is known that nanoparticles can deliver drugs 
to cancer cells and extend drug deposition inside the cells [7–9]. It is also known that nanoparticles with different 
size have various abilities to penetrate target cells. Some data show that small nanoparticles can penetrate cancer 
cells more easily than those bigger in size [9, 10]. Therefore, the efficiency of drug delivery by nanoparticles 
significantly depends on nanoparticles’ size and surface functionality.

In the present work, we briefly review the possible application of different nanoparticles in cancer therapy.

Main Classes of Nanoparticles Used in Medicine

Biological and biogenic nanoparticles. DNA and RNA, viruses, ribosomes, etc. are named as biological 
nanoparticles. The main feature of such objects is their ability to self-organization and aggregation that can be 
actively used for various artificial constructions imitating natural biological structures. These nanoparticles include 
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liposomes, chitosan, nanoparticles based on nucleic acids, etc. Some of them are being used as targeted drug carriers 
or in diagnostic applications [11, 12].

Polymer nanoparticles. To produce polymer nano-size particles polyethylene glycol, polycaprolactone, 
polyglycolic acid, etc. are mainly used. As well as biogenic nanoparticles they could be used for drug delivery and 
for increasing various molecular drug carriers' stability [13].

Dendrimers. These are the highly structured polymers. Poliyamides and aminoacid lysine are often used for their 
synthesis. It is possible to set the definite structure, size, and shape of nanoparticle during their synthesis. The 
controlled sizes, stability, surface properties and also their effect on membrane pores make the dendrimers very 
perspective as carriers also for transdermal drug delivery [14].

Carbon nanoparticles. Carbon can form hollow spheres, ellipsoids, tubes known as fullerenes, and carbon also 
so called nanotubes. Carbon nanotubes have two forms: single-walled and multi walled. The unique properties of 
fullerenes and carbon nanotubes make these particles widely spread. Carbon nanotubes have increased affinity to 
lipide structures, tumor cells, and may form stable complexes with peptides and DNA-oligonucleotides, which is 
important for their usage in medicine and in particular in vaccines and genetic material delivery [15–17].

Inorganic nanoparticles. Usually nanoparticles based on metal oxides fall into these groups [18–22], and also 
various metals (silver, gold, iron, aluminum, etc.) [23–27]. These nanoparticles can be used to treat cancer diseases, 
drugs delivery, and they also can directly effect tumor cells potentiating drugs' effect.

Micelles. This type of nanoparticles represents the amphiphilic colloidal structures spontaneously formed in 
water solutions from monomers and predefined molecules of medical substance after reaching certain monomers 
concentration (critical micelle concentration) and certain solution temperature (critical micelle temperature). As 
monomer blocks for micelles’ formation it is possible to use polymers (polymeric micelles). Hydrophobic 
components of amphiphilic molecules form central part of the micelle while hydrophilic form its surface. Micelles 
have the size of 5–100 nm. Nowadays micelles are used as drug carriers, in particular, for compounds weakly 
soluble in normal conditions, siRNA, and also for contrast agents' delivery for diagnostics and visualization [28–30].

Application of Nanoparticles for Cancer Diagnosis

Early diagnosis of cancer diseases is the key to further successful treatment. Modern early diagnostic techniques 
are based on X-ray computed and magnetic resonance tomography methods. However, these methods allow defining
a tumor only when it becomes rather big and contains a large number of cells [31]. In this regard sensitivity and 
resolution increase are needed. Metal and semiconductor particles can be used in magnetic resonance tomography as 
contrast agents, and also in fluorescent microscopy and fluorescent tomography. Paramagnetic ions shortening the 
relaxation time such as Gd3+ are the most used contrast agents for magnetic resonance tomography [32]. It is 
obvious that using nanoparticles as contrast agents could intensify nuclear magnetic resonance signal. As 
gadolinium ions cannot be obtained in the form of nanoparticles, gadolinium oxide Gd2O3 nanoparticles are being 
used [32]. There are also multilayered nanoparticles containing gadolinium ions. Such particles are based on gold 
nanoparticles with a size of 2 having about 150 gadolinium atoms adsorbed on a surface. These particles increase 
nuclear magnetic resonance up to 200 times as compared to normal gadolinium ions [32, 33]. Other types of contrast 
agents used in magnetic resonance therapy are iron oxide nanoparticles with a size of 50 nm. They can significantly 
improve tomography tumors' image and their early diagnosis [32, 34].

Nanotechnologies and semiconductor nanoparticles gave rise to active luminescent diagnostics. The application 
of fluorescent nanolabels gives advantage for the tumor image as compared to standard dyes. It is easy to distinguish 
nanoparticles' fluorescence from the different tissue components or dyes background. Moreover, nanoparticles' 
fluorescence lifetime is 20-50 ns, which is 10 times more than that of the dyes. Tumor image having 10-100 
pathological cells can be obtained using fluorescence nanoparticles [35–38].

Using Nanoparticles in Drug Delivery

Nowadays, there are many anticancer drugs that effectively fight with tumor cells. Mostly anticancer drugs are 
hydrophobic, which in its turn complicates their delivery [32]. In this regard finding targeted delivery ways for 
medical preparations with their minimal damage during delivery, and also minimization or complete elimination of 
their interaction with normal cells of organism and other biological structures become the key challenge.

The list of nanoparticles that have been applied already or will be applied for drug delivery systems development 
in the near future is rather big. These are fullerenes, dendrimers, lipoparticles, gold, silver, magnetic nanoparticles, 
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nanoparamagnetics, nanopowders, and nanocrystalls, nanoparticles based on silicon, etc. Generally carbon 
nanotubes, porous silicon, polymer nanoparticles, micelles and biodegradable liposomes having the best 
characteristics for encapsulating a large number of drugs [32] are used for drugs delivery.

The most promising items for drugs delivery in oncology are magnetic nanoparticles. This method is based on 
drug delivery to tumor using magnetic nanoparticles and the external magnetic field focused on them [32, 39–41]. 
Magnetic liposomes are of great interest. They represent liposomes loaded with magnetic nanoparticles and drugs. 
Using magnetic liposomes has several advantages such as covering the surface with specific ligands for biological 
targeting; protection of the drug. Magnetic liposomes allow conducting treatment and diagnostics simultaneously for 
malignant tumors [6, 39, 42].

Using Nanoparticles in Cancer Therapy

Cancer therapy has been developed in the traditional and new directions.
Using nanoparticles as photosensitizers in photodynamic therapy is a traditional approach [32]. Photodynamic 

therapy is based on selective accumulation of photosensitizer in tumor cells and its ability to generate singlet oxygen 
as a result of light radiation with a certain wavelength, i.e. oxygen passes into an excited state, which results in 
cancer cell death. As the majority of the standard photosensitizers belong to toxic substances, their application leads 
to multiple side effects [32]. There has been targeted searching for nontoxic substances that are able to move oxygen 
to excited state and minimize toxicity of photodynamic therapy. Porous silicon [43] and carbon nanostructures—
fullerens [32, 44]—are of great interest among these structures. They can effectively generate singlet oxygen at the 
same time being less toxic.

Metal particles heating with IR-laser serve as a non-traditional approach in cancer therapy with nanoparticles. 
Gold or silver nanoparticles are used mainly for such therapy [45, 46]. The main characteristic of metal 
nanoparticles is the presence of electromagnetic energy resonance absorption while the size of the nanoparticle is 
much less than a wavelength. It is explained by a surface plasmon resonance—electronic gas collective oscillations 
on a surface of nanoparticle [32]. Plasmon resonance wavelength depends on nanoparticles' shape and size, on the 
presence of the cluster or aggregate in composition, and on the properties of their local dielectric environment [32].

Some types of nanoparticles themselves possess antitumor effect. Some data have demonstrated antiproliferative 
effect of zinc nanoparticles [47], carbon nanotubes [48], copper nanoparticles [49]. It is shown in [18, 19, 50–53] 
that aluminum hydroxide phases obtained with water oxidation [50–53] of electroexplosive aluminum powders [54,
55] have antitumor activity. It was shown that folded boehmite nanosheet agglomerates have the most antitumor 
effect [18, 19]. Possible mechanism of antitumor effect is caused by change of the ionic balance of the extracellular 
environment, also because of pH increase [56, 57]. However, anticancer effect needs further investigating.

CONCLUSION

Unique properties acquired by nanodimensional substances allow using them widely to improve old and to 
develop new medical technologies. That is why nanoparticles are widely spread in treatment of cancer diseases. 
Nanoparticles can be used for targeted drugs' delivery to tumor cells, potentiating effect of standard 
chemotherapeutic drugs. At the same time, dose of the drug is decreasing resulting in less effect to normal cells. In 
this review, we tried to characterize the main types of nanoparticles and their applications in oncology. However, 
more attention should be paid to studying the consequences of the administration of nanoparticles of different sizes 
and characteristics in a blood stream as they can accumulate in tissues and organs, and also to nanoparticles 
elimination from organism. Moreover, when using nanoparticles, one should keep in mind their possible toxic and 
other side effects.
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