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/ Compozitele bioceramice sunt obtinute M
combinarea a doua componente biocompatibile, spre

exemplu - in studiul nostru - hidroxiapatita si
nanoparticulele de oxid de fier. Metoda de obtinere
influenteaza puternic atat forma si dimensiunile particulelor
de oxid de fier, cat si chimia suprafetei acestora si implicit
proprietatile lor magnetice.

Probele au fost caracterizate prin difractie de raze X si
spectroscopie in infrarosu. Comportarea termica a fost
studiata prin analiza termica complexa. Aceste tehnici de
caracterizare au confirmat prezenta hidroxiapatitei pe
suprafata magnetitei. Pentru determinarea proliferarii

celulare, viabilitatii gi citotoxicitatii interactiei celulelor cu

pulberile s-au utilizat celule osteoblaste. Acestea au aratat o
buna comportare in-vitro.

/ Bioceramic composites were obtained m

combining two biocompatible components (by example- in
our studies - hydroxyapatite and iron oxide nanopatrticles).
The preparation method determines the particle size and
shape, the size distribution, the surface chemistry of the
iron oxide particles and consequently their magnetic
properties.

The samples were analysed by X-ray diffraction
and IR spectroscopy. Their thermal behaviour was studied
by thermogravimetric and thermodifferential analysis.
These characterization techniques confirmed the presence
of hydroxyapatite on the magnetite surface. Osteoblast cell
cultures were used to determine cell proliferation, viability

and cytotoxicity on interaction with the samples. The
Wres displayed good in vitro behaviour. /
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1. Introducere

Bioceramicele feromagnetice sunt utilizate
pentru tratamentul hipertermic al cancerului osos
[1-10]. Aplicatii reale ale acestor materiale obtinute
prin metode sintetice, controland dimensiunea si
morfologia particulelor feromagnetice sunt utilizate
frecvent in prezent Tn stiintele vietii.

Hidroxiapatita (Caqo(PO4)s(OH)., (HAp), a fost
studiata datoritd excelentei sale biocompatibilitati si
bioactivitati [11]. Experimentele in vivo au confirmat
avantajele bioceramicelor cu structurd poroasa
pentru implanturile ortopedice. Hidroxiapatita a fost
utilizata in implanturile dentare si ortopedice pentru
a ajuta cresterea tesutului osos natural, la interfata
implant-tesut viu. Cu toate acestea, ceramicele sub
forma de bulk (corp masiv) au o rezistenta
mecanica slaba. Pe de alta parte, atunci cand este
utilizatd sub forma de filme subtiri pe implanturi
metalice cu  proprietati mecanice  bune,
hidroxiapatita  asigura  biocompatibilitatea  si
bioactivitatea suprafetei in contact cu tesutul viu.
Progresele recente din sinteza hidroxiapatitei, a
biosticlelor si oxizilor de fier includ depunerea
electroforetica [12], depunerea laser pulsata
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1.Introduction

Ferromagnetic bioceramics are used in the
hyperthermic treatment of bone cancer [1-10].
Real-life applications of these materials obtained by
synthetic routes, controlling particle size and
morphology are frequently used in life sciences
nowadays.

Hydroxyapatite (Cao(PO4)s(OH). , HAp) has
been studied because of its excellent
biocompatibility and bioactivity [11]. In vivo
experiments have confirmed the advantages of a
bioceramic with porous structure for tissue
ingrowth. Hydroxyapatite has been used in dental
and orthopaedic implants to promote the growth of
natural bone onto the prostheses. However, bulk
ceramic has poor mechanical wear. On the other
hand, when used as a thin film on metallic implants
with good mechanical properties, hydroxyapatite
ensures the biocompatibility and bioactivity of the
surface in contact with the human body. Recent

progress in the synthesis of hydroxyapatite,
bioactive glass and iron oxides includes
electrophoretic deposition [12], pulsed laser

deposition [13-15], mechanochemistry [16-21], sol-
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[13-15], mecanochimia [16-21], metoda sol-gel
[22-25], precipitarea chimica [26-27], si metoda
hidrotermala [28-29].

Structura apatitei este flexibila in gama de
elemente substitutionale Fe**/Fe**, Mg, Si etc. De
asemenea, in lucrarea anterioara a autorilor [30]
s-a aratat ca introducerea ionilor ferosi pe
parcursul sintezei a produs o structura apatitica
[31].

In acest studiu, nanoparticulele de oxid de
fier au fost sintetizate prin metoda coprecipitarii.
Pulberea de hidroxiapatita (HAp) Si
nanoparticulele de oxid de fier au fost macinate si
sinterizate la 800°C. in plus, proprietatile
structurale ale nanoparticulelor de oxid de fier
acoperite cu hidroxiapatita au fost studiate prin
difractie de raze X, spectroscopie FTIR, si analize
termice complexe. Lucrarea de fatd are drept
scop investigarea influentei nanoparticulelor de
oxid de fier acoperite cu hidroxiapatita asupra
celulelor in vitro.

2. Parte experimentala

a) Prepararea probelor

Nanoparticulele de oxid de fier au fost
preparate dupa cum urmeaza: clorura feroasa
tetrahidrata (FeCl,-4H,0) in solutie de HCI 2M si
clorura ferica hexahidrata (FeCl;-6H,0) au fost
amestecate la temperatura camerei (25°C)
(Fe*'IFe* = 1) [32-33]. Amestecul a fost addugat
in picaturi in 200 ml solutie de NaOH 1,5M sub
agitare viguroasa timp de 60 min. Precipitatul
rezultat a fost izolat n cadmp magnetic.
Precipitatul a fost spalat cu apa deionizata
purificata si centrifugat cu 8000 rot/min. Dupa
repetarea de doua ori a ultimei proceduri s-au
adaugat 200 ml de solutie HCI 0,02M in precipitat
sub agitare continua. Produsul a fost separat prin
centrifugare (8000 rpm) si uscat la 40°C.

Pulberea de HAp comerciala (90%) si
(nano)particulele de oxid de fier (10%) au fost
macinate timp de 5 ore cu 250 rot/min in mediu
uscat. Pulberea obtinuta a fost apoi tratata termic
la 800°C timp de 2 ore (proba M13).

b) Caracterizarea probelor

Probele au fost caracterizate prin difractie
de raze X (DRX) cu un difractometru Philips
PW1050 utilizdnd radiatia incidentd CuK,. S-a
realizat o estimare a dimensiunii medii a
cristalitelor cu ajutorul formulei lui Scherrer.

Studiile de spectroscopie IR s-au efectuat
in domeniul 1800-400 cm™ utilizand un
spectrometru  FTIR Spectrum BX. Probele
deshidratate la temperatura camerei au fost
pastilate cu KBr uscata.

Analiza termica complexa - diferentiala si
analiza termogravimetrica s-a realizat utilizand un
derivatograf Shimadzu DTG-TA-50 si analizor
DTA 50, in domeniul de temperatura 25 — 800°C,
in aer, creuzet de platina si etalon Al,O;.

acoperit cu hidroxiapatita

gel deposition [22-25], chemical precipitation
[26-27], and hydrothermal method [28-29].

The apatite structure is relatively flexible
in the range of Fe*/Fe*, Mg, Si substitution
elements. Previous work [30] indicates that the
inclusion of ferrous ions during synthesis
produces an apatite structure [31].

In this study, iron oxide nanoparticles
were synthesized using the coprecipitation
method. The hydroxyapatite (HAp) powder and
iron oxide nanoparticles were milled and sintered
at 800°C. In addition, the structural properties of
iron oxide nanoparticles coated with
hydroxyapatite were studied wusing X-ray
diffraction, IR spectrometry (FT-IR) and DTA/ TG
analysis. This paper aims at investigating the
influence of hydroxyapatite-coated iron oxide
nanoparticles on cells in vitro.

4. Experimental

a) Sample preparation

Iron oxide nanoparticles were prepared
according to the following procedure: ferrous
chloride tetrahydrate (FeCl,-4H,0) in 2M HCI
solution and ferric chloride hexahydrate
(FeCl3-6H,0O) were mixed at room temperature
(25°C) (Fe**/Fe® = %) [32-33]. The mixture was
added dropwise over 60 min to 200 ml of 1.5M
NaOH solution under vigorous stirring. The
precipitate was washed in deionised water and
centrifuged at 8000 rot/min. After repeating the
latter procedure two times, 0.02M HCI solution
(200 ml) was added to the precipitate with
continuous stirring. The product was separated
by centrifugation (8000 rpm) and dried at 40°C.

HAp commercial powder (90 wt%) and iron
oxide (nano)particles (15 wt%) were milled for 5
hours at 250 rot/min in a dry environment. The
powders obtained were then thermally treated at
800°C for 2 hours (sample M13).

b) Sample characterization

The samples were characterized by X-ray
diffraction (XRD) with a Philips PW1050 X- ray
powder diffractometer using CuK, incident
radiation. An estimation of crystallite sizes was
done from the width of the diffraction using the
Scherrer formula.

IR spectroscopic studies were performed
in the range 1800-400 cm” using a FTIR
Spectrum BX spectrometer. The samples were
dehydrated at room temperature and pelleted
with dried KBr.

Differential Thermal Analysis and
Thermal Gravimetric Analysis were performed
using the Shimadzu DTG-TA-50 and DTA 50
analyser, in the 25 — 800°C temperature range,
air environment, and Al,O5 standard.

c) Cell culture

Osteoblasts were grown in Dulbecco

Modified Eagle’s Medium (DMEM) with 10%
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c) Cultura de celule

Osteoblastele au fost crescute in
Dulbecco Modified Eagle’s Medium (DMEM)
adaugand 10% ser foetal bovin, DMEM sodium
pyruvate, 2% glutamina si antibiotice. Mediul de
cultura a fost cumparat de la Gibco (UK). Celulele
au fost incubate la 37°C, 5% CO, si impartirea a
fost efectuata utilizadnd solutie de tripsina-EDTA
1x (Sigma-Aldrich) si solutie salina tamponata cu
fosfat (PBS) de la Gibco.

Osteoblastele folosite pentru a determina
proliferarea celulara, viabilitatea si citotoxicitatea
prin interactie cu proba bioceramicad M13, au fost
obtinute din partea superioara a femurului
pacientului. Pacientul a suportat o interventie
chirurgicald pentru artritd atunci cand s-a
indepartat articulatia soldului.

Cultura de osteoblaste primare de la
explanturile osoase a fost proiectata 1in
concordantd cu protocolul Gallagher [34-35].
Bucéatile de tesut osos au fost transferate in
recipiente sterile cu PBS. Tesutul obtinut este
detasat de pe tesutul conjunctiv moale de la
suprafata externa a osului. Tesutul este clatit in
PBS steril si izolat in cutii Petri care contin un
volum mic de PBS steril, proportional cu
dimensiunea bucatilor.

Urmatorul pas a fost acela de a plasa
fragmentele explantate in DMEM cu aport de
antibiotice, prin spalari succesive cu solutie de
antibiotic, cultivate Tn mediu DMEM livrat cu 15%
Bovine Serum Albumin (BSA), 2% glutamine si
tamponate cu bicarbonat de sodiu.

Primele osteoblaste din explanturi apar
dupa 7-10 zile de incubare (atmosfera 5% CO,,
T=37°C) si sunt potrivite pentru dividere dupa 4-6
saptamani; dupa al doilea pasaj, cultura contine
doar celule osteoblaste. Dividerile ulterioare au
loc la confluentd (2 x 10° celule/placa) in
aproximativ 10 zile, cu un raport de 1:3. Culturile
de confluentd au fost tratate cu tripsina timp de
2-3 minute si apoi centrifugate cu 1500 rpm timp
de 10 min. Celulele au fost re-suspendate intr-un
volum minim de DMEM, si numarate cu o camera
Burker-Turk si distribuite uniform pe suporti sterili
tratati in prealabil cu polilisina.

d) Viabilitatea celulelor

Testarea biocompatibilitatii probei M13
(bioceramica) a fost efectuata utilizand o linie de
celule osteoblaste primare. Dupa obtinerea culturii
de osteoblaste, celulele au fost tratate cu tripsina
0,05% si divizate in cutii Petri de 35/35 mm.

Osteoblastele au fost semanate cu o
densitate de 10° celule/ml in cutii Petri si incubate
cu proba M13 timp de 2, 4, 12 si 24 ore.
Viabilitatea celulelor a fost determinata cu testul
de reducere MTT (3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide). Celulele au fost
incubate (atmosfera 5% CO,, T=37°C) timp de 4h
cu MTT (0,1 mg/ml).

hydroxyapatite coated iron oxide

foetal bovine serum, sodium pyruvate, 2%
glutamine and antibiotic mix ; the reagents were
purchased from Gibco (UK). The cells were
incubated at 37°C, 5% CO, and the split was
performed using trypsin-EDTA solution 1x
(Sigma-Aldrich) and phosphate-buffered saline
(PBS) (Gibco).

Osteoblasts used to determine the cell
proliferation, viability and cytotoxicity interaction
with samples M13 bio ceramics were obtained
from the upper part of the patient’'s femur. The
patient underwent a surgical procedure for
arthritis, in which the hip joint was removed.

Primary osteoblast culture from bone
explants was designed according to Gallagher
protocol [34-35]. The pieces of bone tissue are
transferred into a sterile recipient with PBS. The
tissue obtained is detached from the soft
conjunctive tissue of the external bone surface.
The tissue is rinsed in sterile PBS and isolated in
Petri dishes containing a small volume of sterile
PBS, proportional to the size of the pieces.

The next step was to place the explant
fragments in DMEM with antibiotics: the explants
were washed successively with antibiotic
solutions, cultivated in DMEM supplied with 15%
Bovine Serum Albumin (BSA), 2% glutamine and
buffered with sodium bicarbonate.

The first osteoblasts arise from explants
after 7-10 days of incubation (5% CO;
atmosphere, T=37°C) and are suitable for
splitting after 4-6 weeks; after the second
passaging process, the culture contains strictly
osteoblast cells. Subsequent splits were
performed at 100% confluency (2 x 10°
cells/plate) in about 10 days, with a 1:3 ratio.
Confluent cultures were treated with trypsin for 2-
3 min and then centrifuged at 1,500 rpm for 10
min. The cells were re-suspended in minimal
DMEM volume, counted in a Burker-Turk
chamber and evenly distributed on sterile
supports, previously treated with polylysine.

d) Cell viability

The biocompatibility test of sample M13
(bioceramic) was performed on a primary
osteoblast cell line. After the osteoblast culture
was established, the cells were treated with
trypsin 0,05% and split in 35/35 mm Petri dishes.

Osteoblasts were seeded at a density of
10° cells/ml in Petri dishes and incubated with
M13 bio ceramics for 2, 4, 12 and 24 hours. The
cell viability was determined by MTT (3-(4, 5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide) reduction test. The cells were incubated
(5% CO, atmosphere, T=37°C) for 4h with MTT
(0.1 mg/ml).

3. Results and discussions

XRD patterns of the hydroxyapatite (HAp)
coated iron oxide nanoparticles (sample M13), as
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3. Rezultate gi discutii

Spectrul de difractie de raze X al
nanoparticulelor de oxid de fier acoperite cu
hidroxiapatita (HAp) - proba M13, reprezentat in
figura 1, aratd prezenta unor picuri ce corespund
oxidului de fier si amestecului HAp si B-TCP
(B-tricalciu fosfat). Aceasta confirma faptul ca
stoichiometria HAp influenteaza foarte mult
stabilitatea  termica, si  anume HAp
nestoichiometrica se descompune u%or in B-TCP
dupa tratarea termica la 800°C [36-39].
Dimensiunea medie a particulelor este de 18 nm.

M13

O Fe03

Intensity (a.u.)

20 30 40 50 60
o
20()
Fig. 1 - Spectrul difractiei de raze X pentru proba a M13/X-Ray
diffraction pattern of sample M13.

Fixarea HAp la suprafata particulelor a
fost confirmata de spectroscopia FTIR. Spectrele
infrarosu ale probei M13 (fig. 2) arata benzi
caracteristice vibratiei magnetitei (Fe;O4) si ale
HAp [40-43]. Benzile de la 550-600 cm’” pot fi
atribuite Myn-O-Mon (v1) si ionilor PO, (v4).
Umérul de la 960 cm™ (v1) si banda de la
1040cm™ (v3) pot fi atribuite ionilor PO,>.
Vibratiile asociate vibratiei legaturii de hidrogen
din apa adsorbita la suprafata sunt la 1640 cm™.
Banda de la 1419 cm™ se datoreaza vibratiilor
ionilor CO5;”. Prezenta carbonului in probele
comerciale indica faptul ca si carbonul este o
impuritate Tn procesul de obtinere in aceste
probe, impuritate care nu a fost detectata prin
difractie de raze X.

In figura 3 este redatd analiza termica
complexa (curbele DTA/TG) pentru proba M13.
Pierderea de mas& din domeniul 100°C - 400°C
poate fi atribuité pierderii apei din retea [37-39,
44-45]. Descresterea treptata in masa de la
400°C la 800°C este probabil rezultatul eliminérii
gruparilor carbonat legate de HAp, a caror
prezenta a fost confirmatd prin FTIR [46].
Descompunerea carbonatului de calciu este
marcatd pe curbele termale de un efect
endotermic (760°C). Acest efect este urmat de o
pierdere de masa datorata eliberarii de CO,.

CaC0O; — CaO +CO,

acoperit cu hidroxiapatita

shown in Figure 1, exhibit phase peaks
corresponding to iron oxide and a mixture of HAp
and B- TCP (B-tricalcium phosphate). This
confirms that the stoichiometry of HAp
determines to a great extent its thermal stability,
i.e. non-stoichiometric HAp readily dqcomposes
to B- TCP upon heat treatment at 800 C [36-39].
The average nanoparticle size is 18 nm.

The attachment of HAp on the particle
surface was confirmed by FTIR spectroscopy.
The infrared spectra of sample M13 (Figure 2)
show the vibration modes of magnetite (Fe;O,4)
and HAp [40-43].

M13

2000 18.00 16.00 14.00 12.00 10.00 860 660 460
v (cm'1)
Fig. 2 - Spectrul FTIR al nanoparticulelor de oxid de fier

acoperite cu hidroxiapatita: proba M13/IR spectra of
iron oxide coated with hydroxyapatite: sample M13.
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Fig. 3 - Curbele evolutiei DTA/TG pentru proba M13/The
DTA/TG evolution curves for sample M13.

The bands at 550-600 cm™ can be
attributed to My,-O-Mgy, (v1) and PO43' ions (v4).
The shoulder at 960 cm™ (v1) and the band at
1040 cm™ (v3) can be attributed to PO,> ions.
Vibrations associated to the vibration of hydrogen
bonds in water molecules adsorbed on the
surface are at 1640 cm™.The band at 1419 cm’™
is caused by the vibrations of COg‘2 ions. The
presence of carbon modes in commercial
samples is an indication that carbon is an
impurity in this sample due to the preparation
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S-a observat ca pierderea de masa pentru
proba M13 a fost de 2%.

Testul MTT este un test de laborator si un
test colorimetric standard (un test care masoara
modificarile in culoare) utilizat pentru masurarea
proliferarii celulare (cresterea celulara). Este de
asemenea folosit pentru a determina
citotoxicitatea potentialilor agenti medicinali si a
altor materiale toxice.

MTT galben (3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide, tetrazole) este
redus la formazan mov Tn mitocondria celulelor vii.
Se adauga o solutie de solubilizare (isopropanol)
pentru a dizolva formazanul mov insolubil produs
intr-o solutie colorata. Absorbanta acestei solutii
colorate poate fi cuantificata prin masurarea la o
anumita lungime de unda (in general intre 500 si
600 nm) cu un spectrofotometru.

Aceasta reducere are loc numai atunci
cand enzimele mitocondriale reducatoare sunt
active, si prin urmare conversia este direct legata
de numarul celulelor viabile (vii). Cand cantitatea
de formazan mov produs de celulele tratate cu
agent este comparata cu cantitatea de formazan
produs de catre celulele netratate (celule de
control), eficacitatea agentului care provoaca
moartea celulelor poate fi dedus, prin trasarea
unei curbe doza-raspuns.

Rezultatele obtinute dupa efectuarea
testului MTT (tabelul 1) arata faptul ca, proba
martor prezinta una dintre cele mai mari valori
(0,298575). Aceasta valoare este, de asemenea,
stabilita de intensitatea puternica a culorii probei
martor (mov intens), datorata cantitati de
formazan produs de celule.

hydroxyapatite coated iron oxide

process; these impurities were not detected by X-
ray diffraction analysis.

Figure 3 shows the DTA/TGA plot of
sample M13. The weight loss between 100°C and
400°C can be attributed to the loss of water in the
lattice [37-39, 44-45]. The gradual decrease in
weight from 400°C to 800°C is probably a result
of the elimination of the carbonate radicals linked
to HAp, the presence of which has been
confirmed by FTIR analysis [46].The
decomposition of calcium carbonate is marked on
the thermal curves by an endothermic effect
(760°C). This effect is followed by a loss in weight
due to CO; release.

CaCO; — CaO +CO,

Weight loss observed in sample M13 is 2%.
MTT assay is a laboratory test and
standard colorimetric assay (an assay which
measures changes in colour) for measuring
cellular proliferation (cell growth). It is used to
determine cytotoxicity of potential medicinal
agents and other toxic materials. Yellow MTT (3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, a tetrazole) is reduced to purple
formazan in the mitochondria of living cells. A
solubilisation solution (isopropanol) is added in
order to dissolve the insoluble purple formazan
produced into a coloured solution. The
absorbance of this coloured solution can be
quantified by spectrophotometry measurements
at a certain wavelength (usually between 500 and
600 nm).
This reduction only takes place when
mitochondrial reductase enzymes are active;

Tabelul 1

Valorile absorbantei la 595 nm pentru substratul M13/ Absorbance values at 595 nm for M13 substrate

Probe / Samples DOsg50m Viabilitatea / Viability (%)
Control 0.298575 100
M13-2h 0.1676 46.1325
M13-4h 0.2018 57.4271
M13-12h 0.30245 92.1534
M13—-24h 0.38606 114.1245

Nota : DOsgs reprezinta lungimea de unda la care s-a efectuat masuratoarea/ The DOsgs represents the wavelength at which the

measurement was made.

In cazul substratului M13, studiul arat4 c4, in
acest caz, cresterea celulelor osteoblaste incubate
timp de 24 h prezintd un pic mai pronuntat, iar cele
incubate timp de 2h au un pic mai mic. Valoarea
absorbantei (0,298) pentru proba martor este mai
mare fatd de cea a celulelor incubate pe substratul
bioceramic M13 timp de 2 si 4 h, este comparabila
cu cea a celulelor incubate pe substratul bioceramic
M13 timp de 12 h dar mai mic fata de cea a celulelor
crescute pe acelasi substrat tmp de 24 h
(tabelul 1).

Celulele osteoblaste incubate pe aceeasi
bioceramica pentru 2 si 4 h prezinta o inhibare a
cresterii si 0 scadere a viabilitatii fatd de proba

therefore the conversion is directly related to the
number of viable (living) cells. When the amount
of purple formazan produced by cells treated with
an agent is compared with the amount of
formazan produced by untreated (control) cells,
the effectiveness of the agent causing cell death
can be deduced by tracing a dose-response
curve.

MTT assay results (Table 1) have revealed
that the control sample value (0.298575) is
among the highest. This value is also established
by the high-intensity colour (deep purple) of the
control sample due to the amount of formazan
produced by cells.
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martor (100%). Este interesant ca dupa 2h de
expunere a bioceramicii M13 si diminuarea
proliferarii celulelor osteoblaste (46,13%), s-a
observat o tendinta de crestere liniara a viabilitatii
si a proliferarii, dupa 4h (57,42%) si 12 h (92,15),
care este proportionald cu intervalul de expunere
(fig. 4). Pentru 24 h (114,12%) s-a detectat o
proliferare mai puternica fatd de proba martor.
Acest efect poate fi datorat adaptarii celulelor la
interactia cu bioceramicile.

120

100- /:
—~ 80
o‘\o’
> —i— control
£ 60f ——M13
)
(1]
'S 40t

20}

0 2 4 6 8 10 12 14 16 18 20 22 24 26
incubation time (h)

Fig. 4 - Testul MTT pentru celulele osteoblaste incubate pe

substratul M13/ MTT assay for osteoblast cells
incubated on substrate M13.

4. Concluzii

Nanoparticulele de oxid de fier au fost
obtinute prin coprecipitare. Au fost studiate
proprietatile nanoparticulelor de oxid de fier
acoperite cu hidroxiapatita. Absortia
hidroxiapatitei pe suprafata nanoparticulelor de
oxid de fier a fost evidentiata prin spectroscopie
FTIR si confirmata de analiza termogravimetrica.
Configuratia de microcelule (bioceramice) facuta
de hidroxiapatita ~dopatd cu  magnetita
nanometrica poate fi un suport potrivit pentru
aderarea si proliferarea celulelor osteoblaste, fara
a avea loc o modificare a structurii sau functiei
celulelor osteoblaste.

Testul citotoxic arata ca celulele incubate
pe substratul M13 modifica parametrii de crestere,
cauzand cresterea sau scaderea proliferarii si
viabilitatii fatd de proba martor. Astfel timpul de
expunere (2, 4, 12 sau 24 h) este un factor
important care afecteaza cresterea celulelor
osteoblaste, acest lucru permitandu-ne sa
cuantificam principalul interval si orele precise
pentru proliferarea si cresterea celulara.
Substratul M13 ofera o citocompatibilitate
superioara s$i poate reprezenta un important
substrat bioceramic pentru obtinerea de suporti
medicali biocompatibili.

Multumiri
Lucrarea a fost sustinutd financiar de

acoperit cu hidroxiapatita

In the case of M13 bioceramic substrate,
the study reveals that osteoblast cell growth after
24 hours presents a higher peak compared to
that of cells incubated for 2 hours. Absorbance
(0.298) in control sample is higher compared to
that of cells incubated on M13 bioceramic for 2
and 4 hours, is comparable to the absorbance of
cells incubated on M13 bioceramic for 12 hours
but lower than that of cells grown on the same
substrate for 24 hours (Table 1).

The osteoblast cells incubated on the
same bioceramic substrate for 2 and 4 hours
presented growth inhibition and a decrease in
viability, @ compared to control (100%).
Interestingly, after 2 hours of exposure of M13
bioceramic and the decrease in proliferation of
osteoblast cells (46.13%), we observed a
tendency of linear increase in viability and
proliferation (57.42%) after 4 hours and (92.15%)
after 12 hours, which is proportional to the
exposure interval (Figure 4). For 24 hours
(114.12%) we detected a higher proliferation
when compared to control. This effect might be
due to cell adaptation at the interaction with
bioceramics.

4.Conclusions

Iron oxide nanoparticles have been
prepared by coprecipitation. The properties of
iron oxide nanoparticles coated with
hydroxyapatite have been investigated. The
adsorption of hydroxyapatite on the surface of
iron oxide nanoparticles was evidenced by FTIR
spectroscopy and confirmed by TG analysis. The
microcell configuration (bioceramics) made by
hydroxyapatite doped with nanometric magnetite
could be a suitable support for osteoblast cell
adhesion and proliferation, without any
modification of cell structure and function.

The cytotoxicity test shows that the M13
substrate used for cell incubation changes the
parameters of cell growth, causing the increase
or decrease of proliferation and viability relating
to control. Thus, the exposure period (2, 4, 12 or
24 hours) is a significant factor affecting
osteoblast cell growth, allowing us to quantify the
main interval and the precise hours for cell
proliferation and growth. Substrate M13 offers
superior cytocompatibility and could represent an
important bioceramic substrate for medical
biocompatible supports.
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