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Abstract: Nanotehnology applied to biomedicine has an important place in research
of nanomaterials. Size of nanomaterials particles is similar to the size of biological
molecules and structures, a conclusion can be drawn that the application of nanomaterials
in vivo and in vitro biomedical researches is possible. This paper is a short overview of
medical applications of different nanomaterials such as carbon nanotubes, graphene,
quantum dots, nanocapsules etc. The main nanocarriers systems such as liposomes,
micelles and dendrimers also will be presented. Today, we are witnessing the great boom of
magnetic particles as essential components in several areas of medical practice. The great
advantages of using nanomaterials in biomedical areas lies in their ability to operate on the
same small scale as all the intimate biochemical functions involved in the growth,
development and ageing of the human body. Nano-pharamceuticals reveal enormous
potential in drug delivery as carrier for spatial and temporal delivery of bioactive
components and diagnostics. Additionally, it also provides smart materials for tissue
engineering. This discipline is now well-established for drug delivery, diagnostics,
prognostic and treatment of diseases through its nanoengineered tools.
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1. INTRODUCTION

Nanotechnology encompasses studies of the
fundamental principles of molecules and structures
of the dimension of 1-100 nm. Nanomaterials are of
interest because of their unique magnetic, optical,
mechanical, thermal and other properties [1]. Novel
physical and chemical properties have potential of
powerful impacts in our lives in many different
ways. Nanomaterials have wide range of
applications in the field of electronics, energy
sectors, agriculture, food industry, medicines,
molecular biology etc. Nanotechnology has huge
potential to bring benefits in many areas of science.
Government and private sectors worldwide invest
large sums of money into nano research. However,
nanotechnology is not independent technology and
cannot be advanced by a single country or
institution. This technology of the 21st century tend
to be highly interdisciplinary, involving scientists
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from different countries and different area of
research. Collaboration between scientists and
countries is crucial for technology transfer to
commercialize application. However, the process of
transforming the results of scientific research into
commercially viable products is long and complex.
To achieve this, it is crucial to bridge the gap
between generating new knowledge and turning into
new products and services [2].

In this paper, biomedical application of
nanomaterials will be presented and analyzed. Due
to the fact that nanoparticles are similar to the size of
biological structures, application of nanomaterials in
biological research is possible [3]. Nanomedicine is
capable of achieving great things, including
advances in the treatment of cancer, diagnosis,
prevention etc. The properties of nanomaterials are
not always well characterized. Some of the key issue
of nanomedicine are dealing with bioactivity,
biocompatible, toxicity and nanobio interfacial
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properties.  Numerous  nanomedicine related
applications are under development or in a research
phase. Achieving full potential of nanomedicine may
be years away [4].

Type of therapy is required when there is a
discrepancy between a dose or concentration of a
drug and its therapeutic results or toxic effects.
Targeting cell or specific tissue by the means of
individually designed carriers that are attached to
drugs is a more reliable approach in drug delivery
system. Such approach is known as cell or tissue
specific targeting. Size reduction of targeted
formulation and designing its pathways for suitable
drug delivery system is a more fundamental and
successful approach that forms the basis of
nanotechnology. Recent advancement in
nanotechnology has proven that nanoparticles
acquire a great potential as drug carriers. Size
reduction methods and technologies yield different
types of nanostructures that exhibit unique
physicochemical and biological properties.

These methods make the nanostructures
favorable material for biomedical applications and
thus acquire the importance in pharmaceutical
sciences. In addition, these methods help in reducing
toxicity, enhancing release, improving solubility and
bioavailability and provide better formulation
opportunities for drugs. Nanotechnology offers
drugs in the nanometer size range which enhances
the performance in a variety of dosage forms.
Various advantages of nano sizing are mentioned
below:

* Decreased fed/fasted variability

* Decreased patient-to-patient variability

* Enhanced solubility

* Increased oral bioavailability

* Increased rate of dissolution

* Increased surface area

* Less amount of dose required

* More rapid onset of therapeutic action

Recently, various novel and advance methods
of cancer detection based on nanoparticles are being
developed. These designed nanostructures are used
as fluorescent materials, contrast agents, drugs with
targeting antibodies and for molecular research
tools. Recent modifications of nanoparticulate
systems such as paramagnetic nanoparticles,
guantum dots, nanoshells and nanosomes are widely
used for diagnostic purposes.

Nanotechnology provides the better safety
profile against drugs with high toxic potential and
these nanoforms can be directed to act specifically at
the target tissue by active as well as passive means.
In addition, other modalities of therapy such as heat
induced ablation of cancer cells by nanoshells and
gene therapy are also being developed. Optimization

of nanoparticles based drug delivery approaches
concerns the early detection of cancer cells and/or
specific tumor biomarkers, and the enhancement of
the efficacy of the treatments applied [17].

2. BIOMEDICAL APPLICATION OF
NANOMATERIALS

Biomedical nanotechnology presents
revolutionary opportunities in the fight against many
diseases. An area with near-term potential is
detecting molecules associated with diseases such as
cancer, diabetes mellitus, neurodegenerative
diseases, as well as detecting microorganisms and
viruses associated with infections, such as
pathogenic bacteria, fungi, and HIV viruses.
Macroscale devices constructed from exquisitely
sensitive nanoscale components, such as micro-
/nanocantilevers, nanotubes, and nanowires, can
detect even the rarest biomolecular signals at a very
early stage of the disease. Development of these
devices is in the proof-of-concept phase, though
entering the market may be sooner than expected.
However, a different approach of molecular sensing
in vivo involves the use of implantable sensors
which is still hampered by unwanted biofouling
impairing long-term stability of continuous sensors
caused by blood components and factors of the
immune system. Nanotechnology might yield nano-
structured surfaces preventing this non-specific
protein adsorption [5].

The above described advances in medical
diagnostics are rivalled by the progress made in
therapeutics enabled by nanotechnology. Especially
in the field of cancer therapy, promising applications
are being developed. Several novel nanoparticles
will respond to externally applied physical stimuli in
ways that make them suitable therapeutics or
therapeutic delivery systems. For example, magnetic
iron oxide nanoparticles, gold-coated silica
nanoshells, and carbon nanotubes can transform
electro-magnetic energy into heat causing a
temperature increase lethal to cancer cells merely by
increasing the magnetic field or by irradiation with
an external laser source of near-infra red light at the
very location where these nanoparticles are bound to
or internalised within tumour cells. Moreover, the
delivery of chemotherapy and photosensitisers to
tumours, and activating them in situ is possible. Also
in other areas, drug delivery is one of the major
application fields for nanotechnology.

Nanoparticle-mediated transport across the
blood-brain barrier could not only provide an
effective treatment for brain tumours, but also for
other central nervous system related-diseases such as
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Alzheimer’s and Parkinson’s. Furthermore, non-
viral gene delivery systems for gene therapy,
nanoneedles for cell surgery and delivery of
molecules into the cell nucleus, nanocrystalline
silver particles with antimicrobial activity or
haemostatic agents on wound care products,
microchip-based drug delivery systems for
programmable drug release, and nanoporous drug
eluting coatings on stents are examples of new
nanotechnology materials and devices in drug
delivery applications [6]. In the future, a modular
approach to construct delivery systems which
combine targeting, imaging and therapeutic
functionalities into multifunctional nanoplatforms
may allow for new refined non-invasive procedures.
These nanoplatforms would localise to target cells,
enable diagnostics and subsequently  deliver

Nanoparticles

therapeutics with great precision. Such modular
approaches to nanodevice construction can
potentially be more powerful than current treatment
modalities, but are inherently more complex than
existing small molecule or protein therapeutics
(Figure 1). Another important field of application for
nanotechnology are biomaterials used for example in
orthopaedic or dental implants or as scaffolds for
tissue engineered products. Together with the
control of nanoporosity allowing vascularisation and
the growth of cells inside the biomaterial, the nano-
structured surfaces of biomaterials also allow the
creation of novel types of scaffolds for tissue-
engineered products. A promising approach for the
latter application are nanofibres produced using self-
assembling peptides with engineering functionality
and biodegradability.

Polymeric

Liposome

1000

Dendrimer nanoparticle
1 10 100
<D 9 £
&< &
- o o
e °
Proteins

Figure 1. Medical nanoparticles for next generation drug delivery [7]

Medical devices for in vitro diagnostics, such
as gene-, protein- or lab-on-a-chip devices, do not
have any of the safety concerns associated with
nanoparticles introduced into the body. Numerous
devices and systems for sequencing single molecules
of DNA are feasible. Nanopores are finding use as
new nanoscale technology for cancer detection
enabling ultrarapid and real-time DNA sequencers.
In general, developments in protein-chips and labon-
a-chip devices are more challenging compared to
gene-chips and these devices are anticipated to play
an important role in medicine of the future, which
will be personalised and will combine diagnostics
with therapeutics into a new emerging medical area
called theranostics [7].

3. NANOPARTICLES AND MAGNETISM

Nanoparticles can be made from different
materials such as metals, metal oxide, inorganic
materials, polymeric materials and lipids. They can

be amorphous or crystalline. Today we are
witnessing the great boom of nanocrystaline
magnetic particles as essential components in
several areas of medical practice. These

nanoparticles have two or three dimensions under
100 nm, which brings a high surface-to-volume
ration and gives them attractive properties for
biomedical application. As a particle size decreases,
total surface area increases, which means that more
atoms are on the particle surface and nanoparticles
are more reactive compared to bulk materials.
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A bulk ferromagnet tends to minimize the
internal energy by spontaneously splitting into
magnetic domains, which are regions containing
magnetic moments in one direction. A ferromagnetic
particles of iron-oxide with a radius under 30 nm are
a single domain particles. It means that
magnetization does not vary under magnetic field.
For a given size of volume and no external magnetic
field acting on the material, no domain will be
present. The system is single domain in which the
sample is uniformly magnetized with a single
superspin. If we further reduce the size of a single
domain nanoparticles, in the absence of a magnetic
field, there will be a critical size above which the
thermal energy will overcome the anisotropy barrier
causing fluctuating of magnetization. Such
fluctuations represents paramagnetic state, but
magnetic moment is several order of magnitude

Multidomain

Single-domain

Q [
— —

higher. Then, the experiment will show an
“unblocked” magnetization typical for the particle in
a superparamagnetic state which is closely
connected with the time of measurement.

The characteristic time of the thermal
fluctuation of the magnetization is called relaxation
time. When the relaxation time is much longer than
the time of observation of the moment, magnetic
moment of nanoparticle is stable and exhibits ferro
or ferri ordering - ,.blocked” state.
Superparamagnetic nanoparticles can be obtained by
various physical and chemical methods. The most
described synthesis routes comprise the aqueous
ferrous and ferric salts alkaline co-precipitation, the
thermal decomposition of  organometallic
complexes, the alkaline hydrolysis in a polyol
solvent and the post-synthesis hydrothermal
treatment [12—14].

Superparamagnetic

Figure 2. Magnetic behaviors derived from the scale reduction in magnetic materials

For magnetic targeting, a drug or therapeutic
radionuclide is bound to a magnetic compound,
introduced in the body, and then concentrated in the
target area by means of a magnetic field (using an
internally implanted permanent magnet or an
externally applied field). Depending on the
application, the particles then release the drug or give
rise to a local effect (irradiation from radioactive
microspheres or hyperthermia with magnetic NPs).
Drug release can proceed by simple diffusion or take
place through mechanisms requiring enzymatic
activity or changes in physiological conditions such
as pH, osmolality, or temperature; drug release can
also be magnetically triggered from the drug-
conjugated magnetic NPs [13].

The key parameters in the behavior of
magnetic NPs are related to surface chemistry, size
(magnetic core, hydrodynamic volume, and size
distribution), and magnetic properties (magnetic
moment, remanence, coercivity). The surface
chemistry is especially important to avoid the action
of the reticuloendothelial system (RES), which is
part of the immune system, and increase the half-life

in the blood stream. Coating the NPs with a neutral
and hydrophilic compound (i.e. polyethylene glycol
(PEG), polysaccharides, dysopsonins (HSA), etc.)
increases the circulatory half-life from minutes to
hours or days. Another possibility is to reduce the
particle size; however, despite all efforts, complete
evasion of the RES does not seem feasible and
unwanted migration to other areas in the body could
cause toxicological problems. In addition to cancer
treatment, magnetic NPs can also be used in anemic
chronic kidney disease and disorders associated with
the musculoskeletal system (i.e. local inflammatory
processes, side effects). For those disorders,
superparamagnetic Fe oxide NPs (SPION), in
conjunction with external magnetic fields, seem a
suitable  alternative for drug delivery to
inflammatory sites by maintaining appropriate local
concentrations while reducing overall dosage and
side effects [15].

The biocompatibility and magnetic properties
make iron oxide nanoparticles good candidate for
application in magnetic hyperthermia. Magnetic
hyperthermia can be described in a following
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manner: Firstly, magnetic nanoparticles have to be
injected into the human body. Once these particles
are situated and later disseminated in a tumor area,
external AC magnetic field is used. Nanoparticles
are used to convert heat from the electromagnetic
radiation. The produced heat causes enhancement of
the temperature in the tumor area, which ruins or
completely devastates cancerous cells. Contrary to

Magnetic
Nanoparticles

Tumour

cells affected by a tumor, healthy cells are more
resistant to high temperatures.

Cancerous cells can be destructed without
huge influence on a healthy tissue by increasing a
local temperature of the tumor region (to about 42 —
46°C). This enables very effective and localized
cancer treatment avoiding harm which is occurred
by another medical therapies like chemotherapy or
radiotherapy [15—16].
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Figure 3. Magnetic hyperthermia therapy

4. CONCLUSION

Nanomedicine can be applied in biomedicine
in many different ways and has potential to
revolutionize global health. Some of biomedical
applications are already available but many of them
is in a research phase. This rapidly developing
discipline is helping to realize our dream of fighting
against many complex diseases such as cancer. On
the other hand, nanoparticles can cause harmful
effects. It is worth to mention that there are potential
side effects and possible risks on living organism.
The main risk that has been indentified to date is
toxicity of nanomaterials. Researchers from different
disciplines should collaborate in order to achieve
commercialized application and analyze unknown
risks. Many different nanomaterial-based platforms
have been developed to improve drug delivery to
tumor tissue, expand diagnostic and enhance the
therapeutic efficacy while minimizing possible side-
effects, but only a few have found their way into
clinical application. Magnetic drug delivery
constitutes a promising technology to treat cancer,
and several products are already on the market. The

limitations inherent in the use of external magnetic
fields can, in some cases, be circumvented by means
of internal magnets located in the proximity of the
target by minimally invasive surgery. For
nanomedicine (and nanotechnology) to truly become
a global mega trend, the hype must be separated
from reality. In addition, societal, environmental,
and ethical concerns will need to be addressed as
scientific advances occur.

5. REFERENCES

[1] J. Ramsden, Essentials of Nanotehnology,
Ventus Publishing, 2009, 22—26.

[2] D. Lj. Mirjani¢, Application of
nanomaterials in the future, Zbornik radova
Savremeni materijali, ANURS, Knjiga 22 (2014)
45-60.

[3] D. Lj. Mirjani¢, S. Pelemis, 1. Hut,
Application of nanomaterials in biomedicine,
Proceedings International Scientific Conference
UNITECH, Vol. IV (2014) 336—340.



Svetlana Pelemis, et al., Some of benefits nanomaterials applications in medicine

Contemporary Materials, X—1 (2019)

Page 33 of 34

[4] D. Lj. Mirjani¢, S. Pelemis, Intelligent
Nanomaterials for Medicine Diagnostic and
Therapy Application, Proceedings of the IV
Advanced Ceramics and Applications Conference -
ACA, 2017, 121-128.

[5] B. Roszek, W. H. de Jong, R. E. Geertsma,
Nanotechnology in medical applications: state-of-
the-art in materials and devices, RIVM report
265001001/2005.

[6] H. Andersson, A. van den Berg,
Micotechnologies and nanotechnologies for single-
cell analysis, Curr. Opin. Biotechnol., Vol. 15
(2004) 44-49.

[71 S. H. van Rijt, T. Bein, S. Meiners,
Medical nanoparticles for next generation drug delivery
to the lungs, European Respiratory Journal, Vol. 44
(2014) 765-774.

[8] D. Lj. Mirjani¢, A. J. Setraj¢i¢, V. D.
Mirjani¢, V. P. Setraj¢i¢, Nanomaterials in
Biomedicine, Pharmacology and Stomatology
Applications, Proceedings International Scientific
Conference UNITECH, Vol. 11 (2010) 438-446.

[91 C. L. Ventola, The nanomedicine
revolution: part 1: emerging concepts. Pharmacy and
Therapeutics, Vol. 37-9 (2012) 512-525.

[10] D. Lj. Mirjanié, J. P. Setraj¢i¢, Lj. D.
Dzambas, V. D. Mirjani¢, A. J. Setraj¢ié-Tomié,V.
M. Zori¢, Nanoscopic biomaterials in medicine,
dentistry and pharmacy, Tenth international
scientific — practical conference ,,Research
development and application of high technologies in
industry®, St. Petersburg, Tom 2 (2010) 97-107.

[11] S. Pelemis, B. Skipina, D. Lj. Mirjanié, 1.
Hut, Biomedical applications and nanotoxicity some
of nanostructured materials, Proceedings of the IV
Advanced Ceramics and Applications Conference,
2017, 121-128

[12] D. Mirjani¢,  E. Jakupovié,
Nanomaterijali u biomedicini, Zbornik radova
Savremeni materijali ANURS, Banja Luka, 2010,
179-172.

[13] M. Arruebo, R. Fernandez-Pacheco, M.
Ricardo Ibarra, J.  Santamaria, Magnetic
nanoparticles for drug delivery, Nanotoday, 2007,
23-32.

[14] E. A. Perigo, G. Hemery, O. Sandre, D.
Ortega, E. Garaio, F. Plazaola, F. J. Teran,
Fundamental and advances in  magnetic
hyperthermia, Applied Physics Reviews, Vol. 2
(2015) 041302.

[15] T. Neuberger, B. Schopf, H. Hofmann,
M. Hofmann, B. Rechenberg, Superparamagnetic
nanoparticles  for  biomedical  applications:
Possibilities and limitations of a new drug delivery
system, Journal of Magnetism and Magnetic
Materials,Vol. 293-1 (2005) 483—-496.

[16] D. Ortega, Q. A. Pankhurst, Magnetic
hyperthermia, in  Nanoscience: Volume 1:
Nanostructures through Chemistry, P. O'Brien,
Editor. 2013, Royal Society of Chemistry:
Cambridge, 60—-88.

[17] S. Bhatia, Natural Polymer
Delivery Systems, Springer-Book, 2016, 225.

[18] S. Affatato, K. Colic, I. Hut, D. Mirjanic,
S. Pelemi§, and A. Mitrovic, Short History of
Biomaterials Used in Hip Arthroplasty and Their
Modern Evolution, Springer International Publishing
AG (2018), F. Zivic et al. (eds.), Biomaterials in
Clinical Practice, https://doi.org/10.1007/978-3-319-
68025-5_1, 1-21.

[19] A. Mitrovic, J. Muncan, I. Hut, S.
Pelemis, K. Colic and L. Matija, Polymeric
Biomaterials Based on Polylactide, Chitosan and
Hydrogels in Medicine, Springer International
Publishing AG (2018), F. Zivic et al. (eds.),
Biomaterials in Clinical Practice,
https://doi.org/10.1007/978-3-319-68025-5 5,  pp
119-147.

[20] E. Andronescu, J. M. Brown, F. Nuzhet
Oktar, S. Agathopoulos,J. Chou and A. Obata,
Nanomaterials for Medical Application: Benefits
and Risks, Hindawi Publishing Corporation Journal
of Nanomaterials VVolume 2016, Article ID 8284319,
2 pages.

[21] K. H. Keskinbora, M. A. Jameel,
Nanotechnology Applications and Approaches in
Medicine, A Review. Journal of Nanoscience and

Nanotechnology Research, Vol. 2-2:6 (2018) 1-5.

Drug

TR

HEKE ITPEJJHOCTHU ITPUMJEHE HAHOMATEPUJAJIA ¥ MEJJUIIVTHN

Caxerak: HaHoTexHomoruja koja ce MpuMjemyje y OMOMETUIMHH HMa BaXKHO
MjecTo y HCTpaKHBalby HAaHOMAaTepHjajia. BennunHa yecTHlia HAHOMATepHjaia CIUYHA j&
BEJMYMHM OWOJIOLIKMX MOJICKYJIa M CTPYKTypa, T€ Ce MOXKE 3aKJbYYHTH Ja je MpUMjeHa
HaHOMarepujania y in Vivo u in Vitro 6uoMeIMIMHCKUM UcTpaxkuBambMa Moryha. OBaj pan
IpEICTaBba KpaTak Mperiie] MeAUIMHCKHX IPHMjEHA Pa3IHYUTHX HaHOMAarepujajia Kao
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IITO Cy HaHOTyOe YrJbeHHKa, rpad)eH, KBaHTHE Tauke, HaHOKaricyne uta. Takole he Outn
NPE/ICTaBJbEHH TJIABHH Pa3BOjHM HAHOCHUCTEMHM IIOINYT JIMIIO30Ma, MHUIETa M JEHIpUMa.
JlaHac cMO CBjeZOIM BENMKOT Iopacta yrnoTpede MarHeTHHX YecTHId Kao CYIITHHCKUX
KOMIIOHEHTH Y HEKOJIMKO OOJIaCTH MEIMLHMHCKE mpakce. Bemuke mpemHocTy kopuinhema
HaHOMAaTepHjaja y ONOMEIUIIMHCKUAM 00JIacTHMA JIeXKe y FbUX0BOj CITOCOOHOCTH J1a paje Ha
HCTOM HHUBOY Kao W CBe Omoxemmujcke (yHKIHje YKJbYYEHE y PacT, pa3Boj U CTapeme
Jpyackor THjena. Harogapamimja oTKpruBa OorpoMaH MOTEHIMjall Y IPEHOCY JIHjeKoBa Kao
HOCHOLa TPOCTOPHO M BPEMEHCKH OHOAKTHBHHUX KOMIIOHEHTH, Kao U nujarHoctuke. [lopen
TOra, OTKPHBAjy C€ U MaMETHU MaTepHjaH 3a TKMBHU MH)XEmhepHHT. OBa JUCUUIUIMHA je
caga moOpo yTBphieHa 3a MPEHOC JIHjeKOBa, IHjarHOCTHKY, MPOTHOCTUKY U JIHjCUCHHC
0oJiecTH MyTeM HaHOCHI'MHEPATHHUX ajaTa.
Kbyune pujeun: HaHOTEXHOJIOTHja, OMOMEIUIIMHA, HaHO(hapManyja.
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