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ABSTRACT. Background: Nanotechnology is a field of science and technology that has been developing rapidly for
several decades. It is considered to be one of the major activity areas of the scientific, technological and innovation
sectors. The use of innovative technologies enables the modification and production of nanomaterials with new or
enhanced properties. Metal nanoparticles are different from their bulk counterparts, and they have become the subject of
growing attention due to their unique characteristics caused by their different size as well as their potential applications.
Methods: As a result, they are used in many different areas of life. This work presents the most important examples of
metal nanoparticle applications in pharmacology, cancer therapy and stomatology.

Results and conclusion: Nanotechnology makes it possible to quickly transform the results of basic research into
successful innovations, and develop leading technologies whose results can be implemented in large international groups
of companies and small businesses in all sectors of the economy. As such actions require a properly functioning supply
chain, the development and implementation of nanotechnology products will not reach the appropriate level without the
proper logistics.
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a random arrangement of atoms. Nanoparticles

DEFINITION OF METAL with an ordered structure are single crystals or
NANOPARTICLES crystal clusters. Some nanoparticles are
incorporated in the structure of other metals.

A nanometer is equal to one billionth of A 1D, 2D or 3D nanoparticle has a specific
ameter. Nanomaterials are a group of orientation towards the surrounding metal
structures in which at least one dimension falls [Kelsall 2009]. The most common 3D
within the range of 1 to 100 nm [Olawoyin nanostructures are nanoparticles whose cross-
2018]. One of the interesting issues in the field section does not exceed the length of 100 nm
of nanotechnology is metal nanoparticles. at any point. They may d1ffe.r in shape but in
Depending on their origin and chemical most cases, they are spherical or oval. 3D
composition, there are natural nanoparticles, structures also include dendritic structures,
nanoparticles obtained as a result of human nanocones, nanoposts and nanoflowers. If the
activity, as well as unintentional nanoparticles !ength of all three sides, e.g. of a hexahedron,
defined as by-products of nanotechnological 18 sever‘al nm, such a system becomes a zero-
processes [Kargozar, Mozafari 2018]. dimensional system [0OD], often called

a “quantum dot”. The distribution of density of
states is no longer continuous and it consists of
a number of energy levels [as in the case of
atoms or molecules] that correspond to the

In general, nanoparticles are divided into
three main groups: one-dimensional, two-
dimensional and three-dimensional.
Nanoparticle structure can be characterized by
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successive quantum numbers and gradually
higher energies.

Quantum dots are nanostructural
semiconductor systems that consist of atoms
12-16 and 13-15 of the periodic table. Single
dots are made of a core that consists of 100-
100000 atoms, mainly cadmium telluride or
selenide with semiconductor properties. The
core is surrounded by a protective layer of zinc
sulfide, to which various ligands may be
attached, such as nucleic acids, proteins and
antibodies that show affinity for specific
structures in the organism [Rzeszutek et al.
2014]. The photoluminescence of quantum
dots depends on their size, so it is relatively
easy to obtain dots that emit electromagnetic
radiation with different wavelengths [Dwiecki
et al. 2014]. They are also characterized by
relatively narrow photoluminescence emission
bands, a high quantum capacity, and a long life
of fluorescence and stability [Galian and de la
Guardia, 2009]. Polymer dots are cross-linked
or aggregated with a polymer produced from
a monomer or a linear polymer. This kind of
dots is created as a result of an aggregation of
the carbon core with polymer chains [Zhang et
al. 2011; Gao et al., 2013].

Nanoparticles are characterized by a great
chemical diversity. The majority of them are
metal oxides, metals, silicone compounds,
varieties of carbon or ceramic materials. They
can also have significantly different shapes.
Monometallic nanoparticles have the form of
hexahedrons, tetrahedrons, octahedrons,
truncated octahedrons, icosahedrons, concave
hexahedrons, rods, spheres, whiskers, rice
grains and even stars. Their usable forms
include powders, suspensions, solutions and
gels [colloids].

Due to their size, metal nanoparticles have
different properties than larger particles made
of the same material. They also show various
levels of order throughout the volume of the
material they form. They can form ordered
crystal structures, amorphous bodies or
vitreous bodies composed of unorganized
atoms. Nanoparticles with a crystal structure
can be single crystals, or they can be composed
of randomly arranged crystals or grains, which
influence the physical properties of the
material [Suwanboon, Chukamnerd 2007].

METAL NANOPARTICLES IN
PHARMACOLOGY
As  microorganisms quickly become

immune to antibiotics, many scientists are
looking for new antibacterial substances. It is
also more difficult to fight various kinds of
viruses. A combination of medicines and
nanoparticles has proven to be an effective
way to address the most resistant viruses and
bacteria. Studies carried out by Shahverdi
[2007] showed that the combination of
nanosilver with antibiotics intensifies the
effects of antibacterial medicines, such as
amoxicillin, erythromycin, clindamycin,
penicillin G and vancomycin. The results
obtained by Suganya et al. [2015] suggest that
nanosilver may be the key element in treating
AIDS patients. The authors tested the
antibacterial effects of biologically synthesized
silver nanoparticles against strains obtained
from patients infected with HIV. The
nanosilver was synthesized with the use of
spirulina. The studies showed that silver
nanoparticles  effectively  inhibited the
replication of HIV-1. The combination of
spirulina and nanosilver turned out to be even
more effective against the virus.

Nanosilver is also used as an antibacterial
agent in the production of bandages, dressings
and surgical masks. A nanosilver coating on
prostheses and medical equipment ensures
long antibacterial activity due to the slow
release of silver ions [Darouiche et al.1990,
Leaper 2006].

Copper oxide nanoparticles actively combat
hospital-acquired infections as well as the
influenza A virus and SARS virus [Ren et al.,
2009]. TiO2 nanoparticles, thanks to their
photocatalytic properties, can be found in
preparations  for  disinfecting  surgical
instruments, catheters or surfaces made of
transparent materials. TiO> nanoparticles used
with nanofillers exhibited bactericidal effects
on Escherichia coli and fungicidal effects on
Candida albicans [Kosmala and Szymanska
2016] after incubation in visible light for 24
hours. Due to their physico-chemical
properties, TiO> nanoparticles are applied in
dermatology in order to treat such conditions
as juvenile acne or atopic dermatitis
[Swidwiﬁska—Gajewska, Czerczak 2014].
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Nanoparticles are more and more often used
as systems that transport various kinds of
active substances to specific body tissues.
Nanoparticles improve the pharmacodynamic
and pharmacokinetic parameters of medicines,
such as bioavailability and time of release of
the active substance, and they extend the
period of pharmacological activity. Their small
size allows nanoparticles to efficiently move
within the body, and make it more difficult for
the immune system to detect the medicines.
Over the past few years, more attention has
been paid to the nanoscale systems for
administering medicines, mainly due to their
excellent biocompatibility, the ability to reach
a specific place in the body, as well as their
nanosize [Zhou et al. 2005]. The large surface
facilitates the binding of ligands that recognize
the receptors of target cells, which makes it
possible to transport medicines to specific
cells. Nanoparticles serve as carriers of
therapeutic substances that enable a targeted
therapy thanks to combination with ligands,
which bind with specific receptors on the
surface of the affected cells, and are also used
in imaging examinations to detect lesions of
disease. For this reason, nanoparticles are
perfect for diagnosing and treating various
diseases, which allows earlier detection of
pathological changes and more effective
treatment of patients [Wang, Thanou 2010].

The treatment of neurodegenerative
diseases can also make use of nanoparticles
bound with antioxidant particles, such as
cerium oxide. The currently used antioxidants
remove only a small part of redundant oxygen
forms; unfortunately, also from those places
where their quantity is  appropriate.
Nanotechnology makes it possible to create
particles that would control the scavenging of
free radicals by themselves on the basis of
redox potential, i.e. particles that would act
only where necessary [Singh et al. 2007].

METAL NANOPARTICLES IN
CANCER TERAPHY
Nanoparticles have an enormous

significance and are becoming more and more
important in the treatment of cancer. The
studies on silver particles, which have been
conducted for many years, lead to a conclusion

that such particles can be used in cancer
treatment [Cryer, Thorley 2019].
Gynecological oncology implements the
AgNORs [argyrophylic nucleolar organizer
regions] method, which consists of the single-
stage colloidal silver coating of nucleolus
organizer regions to assess cell ploidy and
proliferation [Bankiewicz et al. 2005].

Nanoparticles used as contrast agents play
an enormous role in cancer diagnosis. Imaging
with the use of nanoparticles is more effective
than imaging with the use of standard contrast
agents. This stems from the numerous
advantages of nanoparticles, such as their
small size, optical properties, and the ability to
accumulate in the area of the tumor thanks to
the EPR effect [Gao et al. 2004, Gaucher et al.
2005]. Multi-functional nanoparticles are of
considerable significance because they can be
combined with diagnostic agents and contain
therapeutic compounds, making it possible to
simultaneously image and treat tumors [Wang
et al. 2008]. This is caused mainly by the fact
that the functionalization of the nanoparticle
surface with the appropriate bioparticles [e.g.
antibodies] enables them to circulate within the
body even for several days, and selectively
accumulate in specific areas of the body
(cancer cells).

The recent years have  witnessed
a considerable progress in the development of
nanoparticle systems that improve the imaging
and diagnosis of cancer by means of MRI [Sun
et al. 2008, Shubayev et al. 2009, Veiseh et al.
2010]. The use of nanoparticles in MRI results
in a greater contrast, which improves the
discrimination between pathologically changed
tissues and healthy tissues. Iron nanoparticles
have been subjected to comprehensive
examinations concerning the possibility of
using them to improve the contrast of MRI
[Hao et al. 2010]. As presented by the latest

studies on  hybrid preparations  with
a superparamagnetic  iron  oxide  core,
modifications with external coatings and

functional sensors have been developed in such
a way as to enable the increase of contrast in
alternative imaging techniques other than MRI.

Gold nanoparticles conjugated  with
antibodies — antibody epidermal growth factor
receptor [EGFR] — seem to be a promising
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diagnostic tool for cancer cells. The
appropriate functionalization with antibodies —
EGFR - causes colloidal gold nanoparticles to
change SPR peaks, which may be used to
differentiate between malignant and benign
cells [El-Sayed et al. 2005]. Another way to
functionalize gold nanoparticles is to flatten
them in order to achieve better internalization
and binding with cells. Apart from a polymer,
a fluorescent dye can be added. The added dye
makes it possible to trace the path of gold
nanoparticles to the selected cells [Tiwari et al.
2011].

Targeted cancer therapy is becoming
a quickly developing area of both clinical and
preclinical studies. The mechanism of
operation of targeted medicines involves
inhibiting specific signal transmission paths for
cancer development processes: infiltration,
proliferation, angiogenesis and formation of
metastases [Duchnowska 2007]. The specific
delivery of medicines to cancer cells with the
use of nanoparticles can be affected in two
ways: by releasing therapeutics from
nanoparticles extracellularly to the micro-
environment of the tumor [passive transport],
or by releasing medicines inside the cell
through endocytosis (active transport) [Xia
2010].

Metal nanoparticles are also used in
radiotherapy. One example of this is gold
particles. Gold nanoparticles are used to
support radiotherapy because of their ability to
absorb radiation. Nanogold accumulates in the
location of the tumor and absorbs ionizing
radiation, making it possible to administer
smaller therapeutic doses, thereby protecting
healthy tissues. The studies carried out by
Hainfeld et al. [2008] showed that gold
nanoparticles did not inhibit the growth of
cancer lesions, while radiation only slowed
down the growth of the tumor. However,
radiation performed immediately after the
administration of gold nanoparticles resulted in
a considerable reduction of the size of the
tumor or its total eradication.

Gold nanoparticles are also used in
hypothermia, i.e. a non-invasive cancer
treatment method. Due to the supply of gold
nanoparticles, cancer cells are exposed to
temperatures that are higher than usual, which

leads to their destruction. Gold nanoparticles
make it possible to convert laser light into heat;
irradiation with laser increases the temperature
around gold nanoparticles, which breaks the
cancer cell membrane. Heat is produced as
aresult of, among other things, electron —
phonon and phonon — phonon interactions. In
addition, therapy at higher temperatures is
related to cytotoxicity in the environment with
a low pH and low oxygenation. Such
conditions are found in cancer cells, but not in
healthy ones, so only cancer cells die
[Koperkiewicz 2015].

Under the influence of UV radiation or
ultrasound, TiO: nanoparticles become able to
destroy cancer cells. UV light can damage
cancer cells and their surroundings. The in
vivo studies on glioma cells carried out by
Yamaguchi's scientific group [2010] showed
the effectiveness of TiO, nanoparticles in
photodynamic therapy. A similar effect on
glioma cells was exhibited by TiO
nanoparticles created by means of ultrasound
[Yamaguchi et al. 2011].

METAL NANOPARTICLES IN
STOMATOLOGY
Another significant area in  which

nanotechnology is applied is the production of
dental implants. Nanoparticles are widely used
mainly for preparing the surface of implants
with geometry in the nanometric scale, and for
producing coatings with better adhesive
properties. They are also applied as fillers in
dental materials. The addition of TiO;
nanoparticles to dental prostheses increases
their bactericidal properties. The activation of
TiO, nanoparticles leads to the formation of
reactive oxygen forms; however, this process
requires light. Photoactivation of prostheses
can be carried out outside the oral cavity, e.g.
at night, when the prosthesis is not in use. It is
a comfortable, safe and hygienic solution for
people who wear prostheses [Kosmala,
Szymanska, 2016]

Implantology is constantly looking for
solutions to accelerate and improve
osseointegration and minimize the risk of
infection and implant rejection [Wiatr,
Niwakowska 2013]. Sugita et al. [2011]
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studied the effects of coating an implant
surface with a layer that contains titanium
dioxide nanoparticles. The results showed that
the application of a very thin coating causes
a diametrical change to the biological
properties of implants, while the morphology
of the implant surface remains unchanged.
Dental implants are exposed to damage caused
by the accumulation of bacterial biofilm. At
present, it is becoming increasingly more
common to modify implant surfaces with
nanoparticles. The use of a nanoparticle
coating on an implant surface protects it
against infections over a longer period of time.
Flores et al. [2010] observed that the
application of iron to titanium coatings had an
antibacterial ~ effect on  Pseudomonas
aeruginosa. Such a reaction positively affects
the healing process and minimizes the risk of
implant rejection.

The application of a gold nanoparticle
coating on titanium implant surfaces led to the
regeneration of bones. The studies showed that
the presence of gold nanoparticles on titanium
surfaces significantly improved the
differentiation of osteogenic cells and
influenced bone regeneration [Heo et al.
2016].

Abdulkareem's research group [2015]
coated titanium surfaces with layers of ZnO
nanoparticles, hydroxyapatite and
a combination of ZnO with hydroxyapatite.
After 96 hours of incubation, the scientists
observed that the amounts of anaerobic
bacteria and Streptococcus spp. were reduced
on all examined surfaces. The best results were
obtained for the surface on which a layer of
ZnO nanoparticles and hydroxyapatite was
applied. The obtained results led to the
conclusion that an implant coating covered
with a layer of metal nanoparticles provides
effective antibacterial protection and reduces
the risk of infection. The results proved the
benefits associated with the use of composites,
which can act synergistically to offer effective
antimicrobial protection.

The development of a bacterial biofilm is
aprocess that consists of many stages and
starts at the moment of the first contact
between the material and body fluids.
Macroparticulate ingredients of body fluids

quickly adsorb on the surface of biomaterial
and create a conditioning layer that changes
the nature of the surface of the implant. Such
biofilms are often resistant to traditional
antibacterial agents. The creation of a bacterial
biofilm on the surface of teeth, i.e. dental
plaque, plays an important role in the
pathogenesis of parodontium diseases. A very
promising solution is to develop filling
materials that contain antibacterial substances
which would hinder the development of
bacteria. Wu’s research group [2015], using
dimethylaminohexadecyl methacrylate
[DMAHDM] as the filler along with calcium
phosphate nanoparticles, developed self-
healing composites that can be widely applied
in dentistry. Zhang et al. [2012] developed
a binding agent that has a cidal effect on
bacterial biofilms by combining quaternary
ammonium dimethacrylate [QADM] and silver
nanoparticles. The combination of silver
nanoparticles and quaternary ammonium
dimethacrylate [QADM] also improved the
strength of the binding agent.

Li et al. [2014] developed binding agents
created by combining [DMADDM] and silver
nanoparticles. The  developed  agents
significantly inhibited the growth of a biofilm.
Such a combination offers a wide spectrum of
possibilities of using it both as an antibacterial
and anti-caries agent. The studies carried out
by Zhang et al. in 2013 proved that the
application of two antibacterial agents, i.e. 12-
methacryloyloxydodecylpyridinium  bromide
[MDPB] and silver nanoparticles, improved
the strength properties of dentine and reduced
biofilms on the dental plaque. Such
a combination can be successfully applied
while developing binding agents and sealing
materials, as well as composites and cements
that hinder the development of biofilms and
caries.

CONCLUSIONS

Nanotechnology is a new research approach
related to understanding and improving the
properties of matter on a nano scale. On that
scale, matter exhibits completely different and
surprising properties, which blur the traditional
boundaries between scientific and technical
disciplines. The solutions offered by
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nanotechnology are widely used in medicine.
This work has presented the most important
examples of metal nanoparticle applications in

pharmacology, cancer therapy and
stomatology.
At present, science shows that

nanotechnology has become a key to a wider
spectrum of technologies and therapeutic
methods. Nanotechnology gives rise to new
questions and leads to new connections that
will have an enormous impact on the future of
medicine.
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PRZYKLADY ZASTOSOWANIA NANOCZASTEK METALI W MEDY-
CYNIE I FARMACJI

STRESZCZENIE. Wstep: Nanotechnologia jest dziedzing nauki i techniki, ktéra rozwija si¢ intensywnie od
kilkudziesigciu lat. Zaliczana jest do jednego z gtéwnych dzialéw aktywnosci sektora nauki, technologii i innowacji.
Zastosowanie innowacyjnych technologii umozliwia modyfikowanie i otrzymywanie nanomaterialow charakteryzujacych
si¢ zupetnie nowymi lub ulepszonymi wtasciwosciami. Nanoczastki metali staly si¢ przedmiotem uwagi ze wzgledu na
ich unikalne wtasciwo$ci spowodowane réznym rozmiarem oraz potencjalnym zastosowaniem. W efekcie nanoczastki
metali znalazty zastosowanie w wielu r6znych dziedzinach nauki.

Metody: W niniejszej pracy przedstawiono najwazniejsze przyklady zastosowan nanoczastek metali w farmakologii,
terapii nowotworowej i stomatologii.

Wiyniki i wnioski: Nanotechnologia stwarza mozliwosci szybkiego przeksztatcenia wynikéw badan podstawowych
w zakonczone sukcesem innowacje oraz opracowanie wiodacych technologii, ktérych wyniki mozna wdraza¢ w wielkich
mie¢dzynarodowych koncernach, jak i matych przedsigbiorstwach we wszystkich sektorach gospodarki. W celu realizacji
takich dziatan niezbedny jest prawidlowo funkcjonujacy tancuch dostaw. Zatem rozwéj i wdrazanie produktéw
nanotechnologii bez odpowiedniej logistyki nie mégtoby osiggnaé odpowiednio wysokiego poziomu.

Stowa kluczowe: nanoczastki metali, medycyna, farmacja, terapia nowotworowa
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