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-

-

 

 

-

-

 

 

Niewielkie rozmiary oraz wysoki stosunek powierzchni do 

-

-

 

w przypadku ich odpowiedników w skali mikro- i makrosko-

-

-

-

[11] oraz do kontrolowanego dostarczania leków [11-12]. 

-

 

-

nych w medycynie regeneracyjnej tkanki kostnej [14-17]. 

 

medycyna regeneracyjna stanowi interdyscyplinarny obszar 

-

-

-

do regeneracji tkanki kostnej w przypadku, której jedynie 

-

nie tylko poprzez zastosowanie odpowiednio dobranych ma-

naprzód w celu wytworzenia wielofunkcyjnego, biomime-

pole magnetyczne. 

last decades, has made nanomaterials inseparable part of 

 

According to the definition, nanoobject possesses at 

 

in respect of their size, nanoparticles are similar to building 

blocks of biological macromolecules, such as proteins and 

-

attention should be drawn to nanoparticles with magnetic 

 

-

substances in targeted place of action (so-called Implant 

-

pers concerning applications of magnetic nanoparticles 

 

-

search and clinical application, designed to repair, replace 

or regenerate cells, tissues and organs, in order to restore 

their functions, which were impaired or lost by birth defects, 

branches of science, such as tissue engineering, biology, 

genetics, transplantology or materials engineering. Crucial 

-

with proper selection of mechanical properties, controlled 

bone tissue regeneration, since a fully regenerated bone, 

only if optimal conditions are met. Bone tissue regenera-

tion may be supported either by selecting proper materials 

for the production of scaffold, or, as many studies suggest, 

 

with magnetic particles seems to be a promising step forward 

in fabricating multifunctional, biomimetic scaffolds for bone 

tissue regeneration. Its properties and interactions with 

surrounding tissues could be regulated by strictly controlled 
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limerowych przeznaczonych dla medycyny regeneracyjnej 

tkanki kostnej do tej pory w roli nanododatku wykorzysty-

4

4 2

w warunkach fizjologicznych, wysokim momentem magne-

-

terystyka magnetycznych nanokompozytów polimerowych 

4 

-

(membran) polimerowych. Wytworzenie nanokompozytu 

w formie filmu polimerowego pozwala na jego charakte-

-

Polikaprolakton jest znanym od dawna biozgodnym  

 

-

 

-

nanokompozytów polimerowych jest odpowiednia dyspersja 

nanododatku w matrycy polimerowej. W przypadku mody-

-

-

organicznymi, jak i nieorganicznymi, w niniejszej pracy 

-

tów wykorzystano biodegradowalny polimer polikaprolakton 

(Mn

 

-

4 -

4 2 ), belong to the most 

-

-

terization of magnetic polymer nanocomposites based on  

magnetite with grain size of nanometric dispersion was used. 

4 -

papers are associated with preparation and characterization 

-

component, determine biological properties of materials. 

 

According to the theory of polymer nanocomposites, minor 

Polycaprolactone is a well-known biocompatible and 

-

eliminated from the organism, by being included into 

melting temperature and good solubility comprises a good 

-

form agglomerates with different sizes and shapes, which 

surface by organic and inorganic materials can be applied. 

A bioresorbable polymer, polycaprolactone (Mn

-
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-

 

i pozostawiono na 24 godziny w temp. pokojowej. W celu 

-

-

-

-

 

-

 

-

-

diodometanu przeprowadzone jedynie dla dolnej strony 

parametrów tj. namagnesowanie nasycenia, remanencja 

oraz pole koercji, przeprowadzono na magnetometrze  

 

w temp. pokojowej. 

 

inkubacji w celu stwierdzenia ewentualnego ubytku masy. 

-

-

 

 

-

-

 

-

 

for the production of a series of nanocomposites with dif-

 

-

-

Petri dish and kept at a room temperature for 24 hours. 

 

-

-

tion of their usability in biological applications. Microscopic 

two sides of each sample, i.e. the bottom, remaining in the 

direct contact with a glass Petri dish and the upper one, 

remaining in the direct contact with an air, using an optical 

-

surface energy were determined based on the measure-

ments conducted on deionized water and diiodomethane. 

the determination of the parameters, i.e. saturation mag-

Cryotronics, Inc., at a room temperature. 

-

dation, the nanocomposites were incubated for the period 

the incubation, the masses of the samples from before and 

after the incubation were compared in order to determine  

both before and after the incubation, tensile strength tests 

-

nanocomposites placed in the matching 24-well plate (Nunc, 

the cells were stained for 1 min with acridine orange dye, 

 

-

ment. Microphotographic documentation was prepared 
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-

nym od szeregu czynników tj.: warunków prowadzenia 

-

-

 

-

czeniu. Widoczne na wszystkich mikrofotografiach ciemne 

obszary zlokalizowane przy granicach sferolitów odpowia-

-

-

wych. W porównaniu do folii odniesienia oraz nanokompozy-

 

 

-

-

wania magnetycznych nanokompozytów polimerowych  

-

in situ) 

-

zarodki krystalizacji, co z kolei prowadzi do powstawania 

licznych, mniejszych sferolitów. Prawdopodobnie w przy-

procesy jednorodnej i niejednorodnej nukleacji krystalizacji 

dolnej stronie otrzymanych nanokompozytów polimerowych 

-

-

-

z kolei prowadzi do heterogenicznej dyspersji nanododatku 

 

a number of factors like process conditions, polymer mo-

-

at the borders of the spherulites are created by the spaces 

 

-

-

more, based only on microphotographs, it is impossible to 

[44], where it has been pointed 

is a source of heterogeneous nucleation of crystallization 

agglomerates are nuclei, which lead to creating numerous 

but smaller spherulites [44]. Although the applied fabrica-

tion method is different in both works (in the case of Wang 

one can assume that the changes in the spherullites sizes 

magnetite, homogeneous and heterogeneous nucleation 

of crystallization compete together but effect of crystalliza-

-

mediate sedimentation after the suspension of magnetite 

nanoparticles in polymer is being poured into a Petri dish. 

of the material with highest content of the magnetic nano-

agglomerates can be attributed to greater and stronger 

interactions between the magnetic nanoparticles, caused 

-

eration and heterogeneous dispersion within the polymer 
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-

 
total) oraz 

P

proliferacyjna osteoblastów. 

 

-

-

 

 

-

nej energii powierzchniowej spowodowane wprowadzeniem 

-

-

netycznych, a jej prawie 16-krotny spadek obserwowany jest 

 

Physicochemical properties of the surface of the biomate-

-

tion in contact with the biomaterial. Among many features 

total P

the osteoblasts. 

Values of the surface free energy of the obtained materials 

literature [45-47], it can be assumed that the best adhesion 

caused by the introduction of the nanoaddition into polymer 

of the surface energy might indicate presence of the na-

interacting with the polymer chains, thus changing structure 

magnetite point to a ferrimagnetic character of both the raw 

-

-

density of the magnetic particles, understood as the amount 

-

nence and saturation magnetization were calculated assum-

 

 

magnetytu
Amount of 
magnetite

total P

P

P
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pozostaje niezaglomerowana, w dyspersji nanometrycznej.

-

-

ter zarówno samego nanododatku jak i przygotowanych 

-

-

niezmieniona. Parametrami, które w istotny sposób podlega-

-

 

-

teoretycznymi, a eksperymentalnymi nie ma istotnych 

-

zy otrzymanych dla nanokompozytów, w przypadku których 

-

-

 

Pole koercji

[kAm-1]

Remanencja

Remanence

[Am2kg-1]

Namagnesowanie nasycenia

[Am2kg-1]

Amount of magnetie Amount of magnetite Amount of magnetite

Calculated Value
1.52

Magnetyt 

Magnetite
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-

 

-

 

-

-

-

dla nanododatku oraz magnetycznych folii polimerowych 

-

-

magnetyczne. 

-

spadek pH wody destylowanej, w której inkubowano próbki 

-

 

z czystego polimeru. W wyniku inkubacji nie zaobserwowano 

 

-

-

in which saturation magnetizations were calculated taking 

 

of magnetic moments, which increase saturation magnetiza-

tion, whereas dipole-dipole interactions induce anti-parallel 

arrangement of magnetic moments, thus decreasing the 

are short-range and for this reasons, in the case of materials 

with low density of magnetic particles (as nanocomposite 

-

 

may be caused by heterogeneous dispersion of magnetic 

-

-

-

 

 

It indicates the presence of the same type of interactions 

both in magnetic powder and in nanocomposite materials. 

for magnetite nanoparticles and is not affecting their mag-

netic properties. 

to preliminarily determine the degradation rate of the 

produced nanocomposite materials in comparison 

pH drop of the distilled water used to incubate the 

samples was slightly lower for the nanocomposites 

-

after the incubation is close to the measuring error.

magnetytu
Amount of 
magnetite

pH

7th day 14th day 21st day th day

5.77 5.42 4.71 4.51

5.77 4.65 4.56 4.44

5.64 5.27

Masa próbki
Weight of sample [g]

Masa próbki
Weight of sample [g]

Masa próbki
Weight of sample [g]

Masa próbki
Weight of sample [g]

Before incubation

Po inkubacji
After incubation
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-

 

-

 

obserwowany jest w przypadku nanokompozytu polimero-

-

 

-

-

-

 

-

-

stek magnetycznych, a tym samym czas biodegradacji 

 

 

strength decrease after the introduction of the magnetic 

-

noaddition, although being small, the reported changes are 

the presence of numerous, huge agglomerates, the results 

that the degradation of fabricated materials starts from 

places where the agglomerates of magnetic nanoparticles 

are present, thus biodegradation time of nanocomposites 

with higher content of magnetic particles should be shorter, 

compared to both nanocomposite with minor amount  

-

polymer, its chemical composition, hydrophobicity, crystal-

linity, length of polymer chains and porosity, surface area, 
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-

-

-

-

neracji tkanki kostnej przez magnetyczne nanokompozyty 

-

 

-

wania rozpuszczalnika wytworzono serie magnetycznych 

-

 

-

magnetyczne. Namagnesowania nasycenia nanokompozy-

-

-

-

-

caprolactone and magnetic nanocomposites are biocompat-

cells together with magnetic particles in the form of black 

objects, located below the cells, can be seen. Proper shapes 

and uniform distribution of cells in the whole surface of the 

of the cells, allowing for their further proliferation and dif-

ferentiation. It should be taken into account that performed 

biological studies are only preliminary and aimed as trial 

-

of magnetic composites to support bone tissue regeneration, 

further studies are planned, both in absence and presence 

-

Basing on obtained results it can be concluded that magnetic 

nanoaddition has high tendency to agglomerate. Both pure 

-

nanocomposites with higher content of magnetic particles 

is proportional to content of magnetite introduced into the 

their agglomerates, treated as a defect of materials, which 

mechanical properties of the material. Preliminary biological 

studies demonstrated biocompatibility of fabricated materi-

als, which allows for the thesis that these materials could 

used as a promising material for constructing biomimetic 

bone tissue scaffold. 

-

 

 

 

 

-

4@Au magne-

-

-

 

 

of magnetic nanoparticles as the implant for implant assisted mag-
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-

nical and Biological Properties Applicable for Bone Regeneration. 

-

 

engineering: Magnetic biomimetic scaffolds. ActaBiomaterialia 6 

nanofibrous scaffolds under static magnetic field enhance osteo-

genesis for bone repair in vivo

-

-

sue engineering: role of surface patterning on osteoblast response.  

-

 

Wei M.: Controlling the structural organization of regenerated bone 

 

 

 

 

-

 

 

-

lized magnetite nanoparticles: physicochemical, mechanical, and 

materials designed for biomedical application. Pharmacological 

-

surface study of poly-epsilon caprolactone magnetic micropartic-

 

Magnetic Polymer Nanocomposite for Medical Applications. ActaP-

polymer – Polycaprolactone in the 21st century. Progress in Polymer 

-

-

-

-

 

-

 

-

Magneticnanocomposite for medicalapplications, Przetwórstwo 

 

-

4 nanocomposites by in situ polimeriation. 

 

 

 

-

topography and surface physicochemistry on wettability of zircona 

 

 

 


