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Scopul lucrarii a constat in crearea unui model
in vitro de inginerie tisulara, de compozit biocompatibil si
bioresorbabil, prin combinarea pulberilor ceramice de fosfat
tricalcic (B-TCP), component majoritar, cu colagen (COL).
Mai mult, se asociaza capacitatea osteoinductiva a
colagenului cu caracteristicile superioare de bioactivitate si
osteoconductie ale B-TCP. In prezentul studiu sunt
elaborate si examinate doua tipuri de structuri compozite
COL/B-TCP, notate P1 si P2. Pulberile ceramice
microcristaline de B-TCP au fost elaborate prin reactii in
faza solida la temperaturi ridicate, pe cand nano-pulberile
de B-TCP au fost obtinute prin tehnici de precipitare. Buretii
din colagen si TCP au fost elaborati din cele doua sorturi de
B-TCP si colagen (tipul I), in conditii similare mediului
fiziologic. Morfologia si compozitia chimica au fost analizate
prin difractie de raze X (DRX), microscopie electronica
(MES), si spectroscopie IR. Biocompatibilitatea materialelor
a fost evaluata prin masurarea efectului citotoxic
(viabilitatea si proliferarea celulara). Biocompatibilitatea
structurilor compozite a fost testata prin metode biochimice
pe culturi celulare de fibroblaste umane. Analiza statistica a
rezultatelor s-a realizat cu ajutorul testului Student.

The purpose of this work was to create an in
vitro model of tissue engineered hybrid biocompatible and
bioresorbable composite by combining beta-tricalcium
phosphate powders (B-TCP), as the main component, with
collagen. Moreover, the collagen’s osteoinductive capacity
is associated with the superior bioactivity and
osteoconduction of the B-TCP. In the present study two
variants of COL/B-TCP scaffolds (P1 and P2) were prepared
and examined. Microcrystalline PB-TCP powders were
prepared at high temperatures by solid-state reactions, and
the nano-powders were produced by a precipitation
technique. The collagen-TCP sponges were obtained by the
reaction of two sorts of B-TCP powders (micro and
nanometric size powders) with type | collagen under the
physiological conditions. The morphology and chemical
composition were analyzed semiquantitatively using X-ray
diffraction analysis (XRD), scanning electron microscopy
(SEM) and infrared spectroscopy (IR). The biocompatibility
of the materials was evaluated by cytotoxic effects (cell
death and cell proliferation). The biocompatibility of the
obtained scaffolds was tested by biochemical methods on
human fibroblast cultures. The Students t-test was used for
all statistical analyses.
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1. Introducere

Un interes special prezinta materialele
sintetice cu caracteristici biologice, chimice,
morfologice si mecanice similare cu ale tesutului
osos. Pentru a fi folosite in ingineria tesutului osos,
biomaterialele, inerte sau biodegradabile, naturale
sau sintetice, trebuie sa fie biocompatibile,
osteoinductive, osteoconductive, integrative si
compatibile mecanic cu tesutul osos biologic. Din
punct de vedere chimic, osul este un material poros
compozit, alcatuit Tn principal dintr-o faza organica
(colagen si proteine necolagenice), si o faza
anorganica sau minerala (fosfati de calciu) [1, 2].

Deoarece compusul fosfat tricalcic, variatia
polimorfica beta (B-TCP) are un caracter de
resorbtie mai  pronuntat decadt compusul
hidroxiapatitd (HAP), combinarea TCP cu colagenul
(COL) poate actiona ca o structura (esafodaj) 3D
[3. Numeroase materiale structurate au fost
investigate pentru ingineria tesutului osos si car-
tilajului, dar o atentie speciala a fost acordata com-
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1. Introduction

Synthetic  materials  with  biological,
chemical, morphological and mechanical
characteristics similar to the bone tissues present a
special interest. Biomaterials, permanent or
biodegradable, naturally-found or synthetic, need to
be biocompatible as well as osteoinductive,
osteoconductive, integrative and mechanically
compatible with native bone to be used in bone
tissue engineering. From a chemical point of view,
the bone is a composite porous material mainly
composed of an organic phase (collagen and other
non-collagenic proteins), and an inorganic or
mineral phase (calcium phosphates) [1, 2]. Since
beta-tricalcium phosphate (B-TCP) is much greater
resorbable than hydroxyapatite (HAP) the
combination of TCP with collagen (COL) can act as
a good scaffold materials [3]. Several scaffold
materials have been investigated for tissue
engineering bone and cartilage, but special
attention has been devoted to calcium phosphate
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ponentilor de fosfat de calciu datoritd abilitatii
acestora de a se lega direct de tesutul osos dur.
Proiectarea unei astfel de structuri care sa copieze
osul mineral din punct de vedere compozitional gi
structural are o mare importantd in scopul de a
promova adeziunea celulard, osteo-integrarea si
formarea tesutului osos.

Recent, de mare interes se bucura utilizarea
compusului fosfat tricalcic datorita caracteristicilor
de biodegrabilitate si biocompatibilitate [4, 5].
Dintre cele trei forme alotropice ale fosfatului
tricalcic, B-TCP, este preferata ca material
bioceramic datoritad stabilitatii chimice, rezistentei
mecanice gi coeficientului de bioresorbtie favorabil.
O solubilitate mare poate fi benefica in multe
aplicatii [6]. Suprasaturarea localda a ionilor
constituenti ai fazei osului mineral, ia nastere din
calitatea solutiei de fosfat de calciu, care poate
determina dezvoltarea structurii osoase.

Natura interactilor la suprafata ale
biomaterialului cu tesutul gazda si celule este
importanta pentru succesul implantului. Din
aceasta cauza, utilizarea nanopulberii de B-TCP in
locul celor elaborate conventional poate reprezenta
o solutie in creerea conditiilor favorabile procesului
de formare a tesutului osos. Mai mult, capacitatea
osteoinductivda a colagenului este asociatd cu
bioactivitatea si osteoconductia superioara a 3-TCP
[7-9]. Recent, o gama larga de polimeri, naturali gi
sintetici precum gelatina si colagenul, au fost
utilizati drept compozite hibride pentru aplicatii de
reconstructie osoasa [4, 10].

In aceasta lucrare sunt prezentate sinteza,
caracterizarea si evaluarea compusului fosfat
tricalcic, sub forma de micro- si nano-pulberi,
component principal al compozitelor hibride
bioresorbabile. Lucrarea stiintificd prezinta de
asemenea o modalitate de a obtine structuri unitare
tip ,bureti” pe baza de COL/ B-TCP, caracterizarea
structurala si evaluarea acestora prin teste in vitro.

2. Experimentari

Prepararea si caracterizarea compozitelor hibride
COL/B-TCP

COL de tip | a fost izolat din tendon de
bovina tratat cu pepsina, utilizand acid acetic diluat.
Solutiile de colagen au fost purificate prin
precipitare cu solutie 0,7M NaCl. Au fost
determinate hidroxiprolina, continutul total de azot
si greutatea moleculara. Detalii si rezultate
experimentale sunt prezentate in lucrarea [11].

2.1. Prepararea B-TCP prin reactie in faza
solida

Pentru experimentari au fost utilizate

materii prime de puritate avansata precum CaCOs3,

NH4H,PO,, toate de provenientd Merck. Toate

probele au fost preparate prin reactia in faza solida

a amestecului de materii prime si apoi sinterizate n

compounds because of their ability to directly bond
to hard tissue. Designing scaffold that mimic
composition and structural aspect of the mineral
bone is of great importance to promote cell-
adhesion, osteo-integration and tissue formation.
Recently, tricalcium phosphate (TCP) has been
attracting attention due to its good biodegradability
and biocompatibility [4, 5]. Among the three
allotropic forms of TCP, B-TCP is preferred as a
bioceramic because of its chemical stability,
mechanical strength, and intermediate
bioresorption rate. Higher solubility can be
beneficial in some applications [6]. Local
supersaturation of the constituent ions of the bone
mineral phase, arising from an enhanced solution
of calcium phosphate, may cause enhanced bone
growth.

The nature of surface interactions of
biomaterial with the host cellitissue is very
important for the implant success. For this reason,
one may consider the use of beta-tricalcium
phosphate nanopowder in place of conventional
ones, a solution for favourable conditions in bone
formation process. Moreover, the collagen’s
osteoinductive capacity is associated with the
superior bioactivity and osteoconduction of the B-
TCP [7-9]. Recently, a wide range of degradable
polymers, including natural and synthetic
polymers, gelatine and collagen, mixed with beta-
tricalcium phosphate, has been used as hybrid
biocomposites, in bone reconstruction applications
[4, 10].

The present article reports synthesis,
characterization and evaluation of beta-tricalcium
phosphate, in form of micro-and nano-powders, as
main component of bioresorbable hybrid
composites. Scientific work also presents the way
to prepare COL/B-TCP conjugated sponges, the
structural characterization and in vitro
assessments.

2. Experimental

Preparation and characterization of COL/ B-TCP
hybrid composites

Type | COL was isolated from bovine tendon
by pepsin treatment, using dilute acetic acid. The
collagen solutions were purified by 0.7M NaCl
precipitation. Hydroxyproline, total nitrogen content
and molecular weight were determined. Details
and experimental results were presented
elsewhere [11].

2.1. Preparation of B-TCP by solid state
reaction

For experiments there have been used
raw materials of high-purity such as CaCOs;,
NH4H,PO,, all from Merck, and used as received.
All samples were prepared by reacting the
appropriate chemical mixture, by solid-state
reaction, at 1100°C for 2 hours, in air. Before
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aer la 1100°C timp de 2 ore. Tnainte de sinterizare,
amestecul a fost omogenizat in etanol timp de 6
ore folosind bile din alumina, suspensia rezultata a
fost uscata si calcinata timp de 2 ore la 900°C,
temperatura la care incepe formarea compusului
fosfatului tricalcic. Curbele TG si DTG indica
pierderea de masa totalda 1in intervalul de
temperaturad 20-1000°C. Curbele DTA prin picurile
endotermice si exotermice delimiteaza toate
fenomenele care au loc in acest interval de
temperatura. Pentru analiza structurii cristaline, a
compozitiei mineralogice si a parametrilor de retea
s-a utilizat difractometrul de raze X, Bruker-AXS,
D8 ADVANCE, cu anod de Cu, iar cu ajutorul
ecuatiei Scherrer s-a putut calcula dimensiunea
medie a cristalitelor pentru pulberile ceramice
elaborate, ludnd in calcul largimea la jumatatea
picului de maxima intensitate (full-width at half
maxima- FWHM), conform reactiei (1):

0,9:2
S -cosd (1)

unde, d reprezinta diametrul particulei, A este
lungimea de unda, 6 este unghiul de difractie, iar
reprezinta valoarea FWHM

2.2. Prepararea nano-pulberii de 3-TCP

Nanopulberile ceramice pe baza de fosfat
tricalcic au fost sintetizate prin precipitare chimica
din solutii apoase de saruri solubile.

Pentru experimentari s-au folosit reactivi de
puritate Tnalta, (NH,;),HPO, si Ca(NO3),-4H,0, de
provenienta Merck. O anumita cantitate de solutie
concentrata (25%) de hidroxid de amoniu (NH,OH)
a fost adaugatd la amestecul de reactie, sub
agitare continua, pentru a asigura formarea, intr-o
priméa etapa, a apatitei nestoechiometrice
Cag(HPO,4)(PO,4)sOH.

Solutia a fost agitata 1-3 ore si apoi spalata
cu apa distilatd si uscatd la 60°C timp de 6h,
urmatd de calcinare timp de 2 ore la 800°C in
atmosfera normala. Formarea compusului B-TCP si
determinarea temperaturii de transformare a
precursorului au fost evidentiate prin analiza de
difractie de raze X (DRX), spectroscopie in
infrarosu (IR) si analize termice (TG/DTG/ATD).

2.3. Elaborarea compozitelor poroase hibride

Compozitele hibride au fost elaborate prin
amestecarea unei solutii de COL (0,6 % gr./vol.)
cu B-TCP (5% gr./vol.) dizolvatd intr-o solutie
tampon salina in prezenta 0,2M HEPES si incubate
timp de 24h la 35°C. Amestecurile realizate au fost
transformate in structuri tip bureti prin congelare la
-50°C timp de 48 ore. Compozitul COL/B-TCP a
fost obtinut Tn doua variante C1 (COL:B-TCP=1:1),
si respectiv C2 (COL:B-TCP=1:2). Drept etalon s-a
folosit buretele numai din colagen.

sintering, the mixture was milled in ethanol for 6
hours using alumina media, dried the slurry and
calcined below 900°C for 2 h, when starts the
formation of the compound tricalcium phosphate.
The curves TG and DTG indicate the total weight
loss for a temperature range 20+1100°C. The
curves DTA by the endothermic and exothermic
peaks delimitate all the phenomena which take
place in the temperature range. An X-ray powder
diffractometer, Bruker-AXS, D8 ADVANCE with
CuKa radiation was used for crystal structure
analysis, mineralogical composition. The crystal
size of the B -TCP powders was estimated from
the XRD spectra using the peak-breadth at half-
maximum (full-width at half maxima - FWHM) and
the Scherrer equation:

0,94
B-cosd (1)

where, d is the crystal diameter, A is the
wavelength, 6 is the diffraction angle (in radians)
and B is the FWHM.

2.2. Preparation of 3-TCP nano-powder

Ceramic nano-powders based on tricalcium
phosphate, was synthesized by precipitation
chemical synthesis, from salt solutions. For
experiments we used high-purity reagent,
(NH4).HPO4 and Ca(NOs), -4H,0, all from Merck.
A certain amount of concentrated (25%) ammonia
water (NH,OH) were added to the reaction mixture
to ensure the formation, in the first stage, of Ca-
deficient apatite (Cag(HPO,4)(PO4)sOH)  with
continuous stirring. The solution was stirring for 1-
3 hours and then washed with distilled water and
dried at 60°C /6 h, followed by calcinations in an
air atmosphere at about 800°C for 2 hours. The
formation of the B-TCP and the right temperature
transformation of precursor powders were
evidenced by X-ray diffraction analysis (XRD),
infrared spectroscopy (IR) and thermal analysis
(TG/DTG/DTA).

2.3. Porous hybrid composites preparation

Porous composites were prepared by mixing
a COL solution (0.6 % w/v) with B-TCP (5% w/v)
dissolved in saline phosphate buffer in the
presence of 0.2M HEPES and incubated at 35 .C,
for 24 hours. The resulting mixture was
conditioned as sponges by freeze-drying at -50°C
for 48 hours. The COL/B-TCP composite was
obtained in two variants: P1 (COL:B-TCP 1:1), P2
(COL:B-TCP 1:2). A control scaffold was prepared
using COL alone.

2.4. In vitro biocompatibility evaluation of
B-TCP
Biocompatibility tests consisted mainly of
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2.4. Evaluarea biocompatibilitatii B-TCP, teste in

vitro

Testele de biocompatibilitate au constat in
principal in realizarea de masuratori de
citotoxicitate, utilizadnd culturi de celule limfoblastice
umane, prin determinarea viabilitatii celulare, cu
metoda albastru de Trypan, si a prolifelarii celulare.
Testele au fost realizate pe trei serii de pulberi
ceramice, folosind diferite concentratii (0,125-5
mg/ml), Tn cinetici de 72 ore [12, 13]. Valorile medii
ale celor trei masuratori au fost comparate cu
valorile medii de control folosind testul Student,
valorile cu semnificatia statisticd luate 1n
considerare au fost cele pentru care p<0,05.

2.5. Evaluarea biocompatibilitatii in vitro a
compozitelor hibride COL/B -TCP

In structurile COL/ B —TCP (5 x 5 x 3 mm) au
fost injectate fibroblaste dermale umane, (4-10
treceri), la densitatea celulara de 1,5 x 10° Si
cultivate intr-un mediu DMEM suplimentat cu 2mM
L-glutamina, 1 % amestec antibiotic si 15 % ser
fetal. Celulele au fost mentinute in cultura la 37°C,
cu 5%CO,, pentru perioade diferite de timp, si
materialele compozite cultivate cu celulele au fost
analizate ulterior prin microscopie optica. La 3 si
respective 13 zile, structurile COL/-TCP au fost
fixate Tn solutie Bouin si procesate pentru infiltrare
cu parafina. Sectiuni de 15 ym au fost colorate cu
Haematoxylina Harris [14, 15]. O structura de
colagen mentinuta in aceleasi conditii a fost folosita
drept control. Viabilitatea celulara a fost
determinata cantitativ prin metoda MTT, descrisa
anterior [11].

Culturi de celule, fara structuri de compozite,
au fost folosite de asemenea drept control.
Rezultatele au fost exprimate procentual si
raportate la valorile de control, considerate 100%.
Masuratorile au fost realizate de trei ori.

3. Rezultate si discutii

3.1. Prepararea B-TCP prin reactie in faza
solida
In primul rand ne-am propus s& determindm
temperatura optima de calcinare si in al doilea rand
cinetica procesului de formare a fosfatului tricalcic.
Din curbele DTA combinate cu difractia de raze X
rezulta ca temperatura optima de calcinare este la
900°C. Uneori, difractogramele  produselor
calcinate prezinta existenta, alaturi de compusul g-
TCP, si a hidroxiapatitei, in cantitate foarte mica,
indicand faptul ca apa nu a fost eliminata in
intregime pana la aceasta temperatura. Formarea
acestui compus este posibila ca urmare a reactiei
dintre CaCOj; si H4P,0O; (format prin condensarea
H3;PO,). Prin cresterea in continuare a temperaturii
de calcinare are loc transformarea HAP in TCP
(reactiile 2 si 3).
10C3CO3 + 3H4P207 = Ca10(PO4)6(OH)2 +
+10CO; + 5H,0 (2)

cytotoxicity measurements, performed on human
lymphoblast cell cultures, determining the cell
viability by Trypan blue method, and the
proliferation rates by cell counting. The ceramic
powders were tested in triplicates, using varying
concentrations (0.125-5 mg/ml) in 72 h kinetics
[12, 13]. Averages for the ftriplicates were
compared to the control averages using a two
tailed Student’s T test, and statistical significance
was considered when p <0.05.

2.5. In vitro biocompatibility evaluation of

COL/B -TCP scaffolds

Human dermal fibroblasts, from 4-10
passage, were injected into COL/ B -TCP scaffolds
(5 x 5 x 3 mm), at a cell density of 1.5 x 10° and
cultivated in DMEM medium supplemented with
2mM L-glutamine, 1 % antibiotic mixture, 15 %
fetal calf serum. The cells were maintained in
culture, at 37°C, 5 % CO, for different periods of
time and samples of the composite materials
seeded with cells were subsequently analyzed by
light microscopy. At 3 and 13 days, respectively,
the COL/-TCP scaffolds were fixed in Bouin
solution and processed for paraffin inclusion.
Sections of 15 pm were stained with Harris’s
Haematoxylin [14, 15]. A collagen scaffold
maintained in the same conditions was used as
control. Cell viability was quantitatively determined
by the MTT method, as described elsewhere [11].
Cells cultured without scaffolds were used as a
control. The results were expressed as
percentage, with the control value set at 100 %.
The experiments were performed in triplicate.

3. Results and discussion

3.1. Preparation of B-TCP by solid state

reaction

On one hand it was finding out the intended
to determine the optimal calcinations temperature
and on the other hand the kinetics the process of
the tricalcium phosphate. From the curves DTA
combined with the X-ray diffraction results that the
900°C is optimal temperature of calcinations.
Sometimes, XRD on the calcined products showed
the existence of a small amount of HAP
(Ca1p(PO4)e(OH),) in  addition to Casz(POy),,
indicating that water was not exhausted entirely up
to this temperature. The formation of this
compound is possible as a result of reaction
between CaCO; and H,P,O; (formed by
condensation of H3;PO,), reactin 2. By further
increasing the calcination temperature, HA
transformed into B-TCP, according to the reaction
3:
10CaCO; + 3H4P,0; = Ca10(PO4)6(OH)2 +

+10CO, + 5H,0 )
3Ca10(PO4)s(OH), + 2H3PO,4 =
= 10Cas(PO,), + 6H,0 3)

The patterns show an excellent agreement
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3Ca10(PO4)s(OH), + 2H3PO4 =
10C33(PO4)2 + 6H,0

= 3)

Diagramele de difractie de raze X pentru
compusul beta-TCP sunt in conformitate cu cele
publicate in lucrarile JCPDS (9-169). Termograma
pentru compusul beta-TCP aratd evolutia
endotermica continua si patru puncte termice
distincte pe parcursul reactiei dintre CaCO; si
NH4H,PO,, de la temperatura camerei la 950°C.
Reactia in faza solida dintre CaCOj; si NH4H,POy,
pentru raportul molar Ca/P de 3/2, cu formarea

fosfatului tricalcic, poate suferi o procedura
complexa [16]. Spectrul infrarosu pentru beta
fosfatul tricalcic prezintd benzi de absorbtie,
specifice gruparii PO4, la 551, 609, 971, si
respectiv. la 1045 si 1122 cm™, specifice
compusului B-TCP [16].
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with the published JCPDS files for beta-TCP. The
thermogram of TCP, shows a continuously
endothermic evolution and four distinct thermal
events during the reaction of CaCO; and
NH4H,PO,, from room temperature to 900°C. The
solid state reaction between CaCO; and
NH4H,PO,4, mixed in a Ca/P molar ratio of 3/2 to
form TCP, may suffer a complex procedure.
Experimental details were presented in [16]. The
infrared spectrum for beta-tricalcium phosphate
compound sintered at 1100 °C shows absorption
bands specifically for PO4 group at 551, 609, 1045
and respectively at 1122 cm™ [16].

3.2. Preparation of low-temperature (3-TCP

From this methods, in the first stage
intermediary precursor was obtained,
characteristics picks are calcium-deficient apatite-
Cag(HPO,4)(PO,)sOH, in accordance with ASTM
46-0905 files. Initial XRD analysis of samples
calcined at 800°C indicated the transformation
from apatite tricalcium phosphate to B-TCP, like
unique phase, figure 1a. Differential thermal
analysis (DTA) data showing in figure 1b, indicate
an endothermic peak at ~790°C, corresponding to
the transformation from precursor to B-TCP, in
correlation with X-ray diffraction measurements.

However, it is important to know and to
control the phase evolution during process for
optimizing the process to obtain B-TCP
compound. It is well known that the precipitation
process has a high number of variables that
influence chemical equilibrium and physical nature
of precipitates: stroichiometry, temperatures,
stirring time, pH and thermal treatment.

b
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Fig. 1. (a).Spectrul de difractie pentru precursor si compusul B-TCP calcinat la 800°C; (b) Curbele TG/DTG/DTA pentru compusul
B-TCP / (a) The X-ray diffraction patterns for formed precursor and B-TCP compound calcined at 800°C , (b) the TG/DTG/DTA

curves of the B-TCP compounds.
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3.2. Prepararea B3-TCP de temperatura joasa

Prin aceasta metoda, intr-o prima etapa se
obtine un compus intermediar nestoechiometric,
denumit si hidroxiapatita deficitara, cu formula
Cag(HPO,4)(PO,)sOH, picurile caracteristice fiind in
concordanta cu fisele ASTM 46-0905.

Analizele initiale de difractie de raze X pe
probele calcinate la 800°C au indicat formarea
compusului fosfat tricalcic, variatia polimorfica de
temperatura joasa beta, ca faza unica (fig. 1a).

Datele de analiza termica diferentiala (DTA)
prezentate Tn figura 1b, indica prezenta unui pic
endotermic la 790°C, corespunzator procesului de
transformare a precursorului in B-TCP. Fenomenul
este pus in evidenta inclusiv prin masuratori DRX.

Cu toate acestea, pentru optimizarea
procesului este important de stiut si controlat
intregul proces de formare a compusului. Procesul
de precipitare are un numar mare de variabile care
influenteaza echilibrul chimic si natura fizica a
precipatatului: stoechiometria, timpul de agitare, pH
si ulterior tratamentul termic. Parametrii celulei de
retea si valorile dimensiunilor medii de cristalit
pentru cele doua tipuri de pulberi de B-TCP,
comparativ cu figsele ASTM sunt listate in tabelul 1

Din acest motiv, se poate considera c3,
folosirea nanopulberii de fosfat tricalcic in locul
celor elaborate conventional, poate reprezenta o
solutie favorabila in procesul de formare a osului, in
principal datorita suprafetei specifice superioare a
pulberii, favorabila cresterii celulare, dar si a
interactiei celule-matrice si respectiv a procesului
de formare a tesutului osos.

The wunit cell parameters and average
crystallite size values for the two sorts of B-TCP
powders, comparatively with ASTM Files are
listed in table1.

For this reason, one may consider the use of
beta-tricalcium phosphate nano-powder in place of
conventional ones, a solution for favourable
conditions in bone formation process, due to its
superior surface properties favourable for cell
growth, cell-matrix interaction and tissue formation,
respectively.

3.3. COL/B-TCP scaffold preparation and

characterization

Composite materials were prepared as
sponges, by freeze-drying of two mixtures of
COL/B-TCP, in different weight ratios, 1:1 for
sample P1 and 1:2 for sample P2.
Macroscopically, both types of scaffolds were
similar to the control, having a microporous
structure; the composite sponges had a
honeycomb structure, with pores of several
microns in diameter; the amount of B-TCP deposits
on the collagen surface was higher for the P2
sample than in P1 sample, figure 2.

The tight bonding formation could be due
to the reaction between Ca ions in the particles
and carboxyl groups in collagen polypeptide
chains. The tight bonding between 3-TCP particles
and collagen fibrils in the composites
demonstrated an integrated structure, which was
reproducible when B-TCP/collagen ratio ranged

from 1 to 2. Such integrated structure would make
Tabelul 1

Parametrii celulei elementare si valorile dimensiunilor medii de cristalit pentru B-TCP
The unit cell parameters and average crystallite size values for 8-TCP compounds

Componentul / Compound a(A) c(A) V(A) D(nm)
Caz(POy), cf. ASTM 09-169 10.429 37.380 3476.08
B-TCP conventional / Conventional B-TCP 10.436 37.379 3525.55 < 5um
B-TCP de temperatura joasa / 3-TCP nano-powder 10.419 37.307 3483.55 < 84nm

3.3. Prepararea si caracterizarea structurii
poroase COL/B-TCP

Compozitele ceramice sub forma de bureti
au fost elaborate prin tehnica “freeze-drying”. Au
fost preparate doua tipuri de compozite COL/B-TCP
cu rapoarte masice diferite, 1:1 pentru proba P1 si
1:2 pentru proba P2.

La controlul macroscopic ambele tipuri de
structuri au fost similare cu proba control,
prezentand o structura microporoasa tip fagure, cu
diametrul porilor de ordinul micronilor. Cantitatea
de material ceramic depus pe suprafata fibrelor de
colagen a fost mai mare in cazul compozitelor P2
comparativ cu probele P1, (fig. 2).

Taria legaturii formate poate fi data de
reactia dintre ionii de calciu (din materialul ceramic)
si gruparile carboxil din lanturile polipeptidice din
colagen, si demonstreaza obtinerea unor structuri

significant  contributions in reliably tailoring
properties of the porous composites by varying
B-TCP content.

The optimal scaffold design and fabrication
techniques must be able to create porous
structures adequate to attaining the desired
mechanical function and mass transport properties
(permeability and diffusion properties).

3.4. Biocompatibility evaluation of B-TCP
powders
The biocompatibility was determined by
cellular behaviour occurring in the presence of
biomaterials. In our experiments, the cell viability
and cell proliferation were assessed.
Cytotoxicity tests showed that the ceramic
material not only did not induced cell toxicity and
inhibit cell proliferation, but at high concentration
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integrate ce pot fi reproductibile cand raportul -
TCP/COL este in domeniul 1 pana la 2. Astfel de
structuri integrate pot juca un important rol in
proiectarea unor compozite poroase cu proprietati
definite prin modificarea continutului de faza
ceramica, B-TCP.

LBt Wb F—""" 100m
0KV 4.0 - 25| GSE 96 0.9 Torr

(>1 mg/ml) induced a slight increase in the
proliferation rate. Cell proliferation was not
inhibited even after 72 h and at highest
concentration used, 5 mg/ml. These observations
indicate that the ceramic material is not toxic for
human cells when tested in the 0.125-5 mg/ml
range, figure 3.

Fig.2 - Nanocompozite poroase (bureti) din TCP/Colagen, alcatuite dintr-o retea de fibre de colagen pe suprafata carora sunt depuse
particule ceramice de B-TCP; A — pentru probele P1; B — pentru probele P2 / Porous samples (sponges) from TCP/Collagen
nanocomposites showing the composite body consisting of collagen fibrous bundles with B-TCP deposites on the collagen

surface; A — P1 sample; B — P2 sample.

Design-ul optim al structurii si tehnicile de
fabricare trebuie sa fie capabile sa creeze structuri
poroase adecvate pentru a atinge functiile
mecanice dorite dar si proprietdti de transport
masic (proprietati de permeabilitate si difuzie).

3.4. Evaluarea biocompatibilitatii pulberilor de
B-TCP

Biocompatibilitatea a fost determinata de
evaluarea comportarii unui mediu de celule in
prezenta biomaterialelor. Tn experimentele noastre
au fost evaluate viabilitatea si proliferarea celulara.
Testele de citotoxicitate aratd ca materialul ceramic
nu numai ca nu induce toxicitatea celulara si nu
inhiba proliferarea celulara, dar la concentratie
mare (>1 mg/ml) induce o mica crestere a ratei de
proliferare. Proliferarea celulara nu a fost inhibata
decét dupa 72h si la o concentratie mare, 5 mg/ml.
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For beta-TCP nanopowders none of the
concentrations (range 0.005-5 mg/ml) did not
determine an increase in cell mortality or a
decrease in cell proliferation compared to control
cells. Proliferation rates were significantly higher in
cell cultures with high concentrations of ceramic
nanopowders after 72 h of culture, figure 4. The
lack of cell mortality associated with nanopowders
is indicative for a good biological compatibility,
while the increase in cell proliferation suggests that
the ceramic nanopowders might stimulate cell
mechanisms that require further evaluations.

3.5. Biocompatibility evaluation of COL/B-TCP
scaffolds
The data demonstrated that the presence
of the composite samples COL/B-TCP (P1 and P2)
in the dermal fibroblast culture was not a stress
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Fig. 3 - Cinetica viabilitatii celulare (a) si respectiv, a proliferarii celulare (b) pentru B-TCP microcristalin / Kinetic of cell viability (a), and

proliferation (b) for conventional beta B-TCP powder.



48 C. Téardei, L.Moldovan, O. Créaciunescu / Hybrid bioresorbable composites with high bioactivity properties

Aceste observatii indica faptul ca materialul
ceramic testat in intervalul de concentratii 0,125-5
mg/ml nu este toxic pentru celulele de origine
umana (fig. 3).

Pentru nanopulberile ceramice de B-TCP nu
s-a determinat o crestere a mortalitatii celulare sau
o reducere a proliferarii celulare pentru intreg
domeniul de concentratii testat (0,005-5 mg/ml),
comparativ si cu lotul control. Rata de proliferare a
fost semnificativ mai mare in culturile celulare cu
concentratii mai mari de nanopulberi dupa 72h de
cultura. Lipsa mortalitatii celulare asociata cu
nanopulberile de B-TCP indica o compatibilitate
biologica buna, in timp ce cresterea proliferarii
sugereaza faptul ca nanopulberile ceramice ar
putea stimula mecanismele celulare, necesitand
investigatii suplimentare, figura 4.

3.5. Evaluarea biocompatibilitatii compozitelor
COL/B-TCP

Datele experimentale demonstreaza faptul
ca prezenta probelor compozite de COL/B-TCP (P1
si P2) in culturile de celule nu a constituit un factor
de stres pentru acestea, celulele s-au dezvoltat
favorabil pastrandu-si morfologia normala. Dupa 24
ore viabilitatea celulelor a fost de 95 % pentru P1 si
97 % pentru P2. Dupa 72 ore procentul de celule
viabile a fost de 96% pentru P1 si respectiv 98%

100% - O control 0.005 mg/ml = 0.05 mg/ml
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95%

90% -

8% - &=

cell viability (%)

80% 1 NS 1 N T

75%
24h 48h 72h
culture time a

factor; the cells exhibited a favorable development,
maintaining their normal morphology. After 24
hours, the cell viability was 95 % for P1, and 97 %
for P2. After 72 hours, the percent of viable cells
was 96 % for P1 and 98 % for P2, figure 5. The
cell proliferation was superior in P1 and P2
sponges compared to the control (type | collagen
sponge) at both periods of time. These results
confirm the low cytotoxicity of the tested scaffolds
and were in agreement with histological evaluation
[17].

4. Conclusions

The bioresorption properties of B-TCP are
well correlated with the microstructure. For this
reason, one may consider the use of beta-
tricalcium phosphate nanopowder in place of
conventional ones, a solution for favourable
conditions in bone formation process. Our study
established a method to synthesize two variants of
composite materials, with a COL/B-TCP weight
ratio of 1:1 and 1:2, respectively. Both variants of
composites (P1 and P2) discussed in this paper
exhibited good cellular proliferation and
attachment into the sponges. In conclusion,
association of COL with B-TCP allows obtaining
stable hybrid composites which prevented 3-TCP
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Fig. 4 - Cinetica viabilitatii celulare (a) si proliferarea celulara (b) pentru nano-pulberea de B-TCP / Kinetic of cell viability (a) and

proliferation (b) for low temperature beta B-TCP powder.
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Fig. 5 - Diagrama viabilitatii celulare in cazul cultivarii fibroblastelor in prezenta structurilor de COL/B-TCP, pentru pulberile micronice (a)
si nanopulberile de B-TCP (b)/ Diagram of cell viability in the case of fibroblasts cultivation in the presence of COL/B-TCP

scaffolds, for conventional (a) and B-TCP nanopowders (b).
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pentru P2. Pentru aceeasi perioada de timp
proliferarea celulara a fost superioara in buretii P1
si P2 comparativ cu lotul control (burete colagen de
tip 1), figura 5. Aceste rezultate confirma
citotoxicitatea scazuta a structurilor testate si au
fost in concordanta si cu evaluarea histologica [17].

4. Concluzii

Proprietatile de bioresorbtie ale 8-TCP sunt
bine corelate cu microstructura. Din acest motiv, se
poate considera faptul ca, folosirea nanopulberii de
fosfat tricalcic in locul celor elaborate conventional
(micrometrice), poate reprezenta o solutie
favorabila in procesul de formare a osului. Prin
acest studiu s-a stabilit o metoda de sinteza pentru
cele doua variante de compozite hibride COL/B-
TCP, cu un raport masic 1:1 si respectiv 1:2.
Ambele variante de compozite (notate P1 si P2)
prezentate in lucrare demonstreaza o buna
proliferare celulara, cat si o atasare buna a
celulelor in interiorul structurilor. In concluzie, s-a
demonstrat ca asocierea COL cu B-TCP permite
obtinerea de compozite hibride stabile, prevenind
dispersia pulberii ceramice in mediul de lucru,
rezultdnd un biomaterial usor de fasonat ce poate fi
utilizat ca o structura cu porozitate controlata,
pentru migrarea si proliferarea celulara.

Nota

Aceasta lucrare a fost finantatd din proiectul Nr.
61012/2007, prin Programul National de Cercetare,
LParteneriate in Domenii Strategice”, Subprogramul
4.
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