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Fosfatul tricalcic datorita biocompatibilitatii si

biodegradabilitatii sale excelente a primit o atentie speciala
ca material de grefare pentru regenerarea osoasa. in
aceasta lucrare s-au preparat granule din B-Cas(POy); care
au fost testate din punctul de vedere al biocompatibilitatii.
in primul rand, s-au obtinut materialele ceramice utilizand
tehnica spumei poliuretanice plecand de la pulberi ultrafine
de B-TCP obtinute in laboratorul nostru i spuma
poliuretanicd produsd de S.C Poliflex. in al doilea rand,
pentru a obtine granule, spuma ceramica a fost granulata
intr-o sita cu dimensiunea ochiurilor cuprinsa in intervalul
500-1000um. Compozitia chimica si morfologia au fost
investigate utilizdnd difractia de raze X (DRX) si
microscopia optica (MO). Caracteristicile suspensiei
ceramice au fost determinate cu ajutorul aparatului
ZetaPlus Brookhaven. Biocompatibilitatea produsului

granular a fost analizata prin evaluarea efectului citotoxic
utilizdnd metoda de difuzie in agar.

Tricalcium phosphate has received a special
attention as graft for bone regeneration due to its
excellent biocompatibility and biodegradability. In this
paper, we prepared B-Ca;(PO,), granules that were tested
in terms of biocompatibility. Firstly, we obtained the
ceramic materials by polymeric sponge technique starting
from ultrafine powders of B-TCP obtained in our laboratory
and polyurethanes sponge from S.C Poliflex. Secondly, the
ceramic foam was grained through a sieve with mesh sizes
ranging between 500-1000 um to obtain the grains. The
chemical composition and morphology were investigated
using X-ray diffraction analysis (XRD) and optical
microscopy (OP). The characteristics of the ceramic
slurries were determined with the ZetaPlus Brookhaven
device. The biocompatibility of the product was analyzed
by evaluation of the cytotoxic effects, using the agar

{usion method. /
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1.Introducere

Compusii din fosfati de calciu au importanta
in domeniul biomaterialelor datorita raspunsului lor
pozitiv la testarile biologice (in vitro si in vivo):
bioactivitatea, biocompatibilitatea si osteoconduc-
tivitatea [1-5].

Hidroxiapatita  (HAP), fosfatul tricalcic
(B-TCP), si combinatiile lor (HAP/TCP) sunt printre
cei mai investigati fosfati de calciu pentru aplicatii
medicale.

Fosfatul ftricalcic B-Caz(PO,), este cel mai
important material biodegradabil ceramic deoarece
prezinta proprietatea de osteosinteza. De
asemenea, cercetarile intreprinse in ultimii ani au
demonstrat ca este atdt o ceramica osteo-
conductiva cat si bioresorbabila, motiv pentru care
este intens utilizat in domenii clinice precum:
chirurgia ortopedicd, stomatologie si inginerie
tisulara [1-3,6-10].

Aceste ceramici pot fi utilizate sub forma de
pulberi, granule, structuri dense gi poroase.

In acest studiu, pentru a obtine granule de

B-TCP, s-a utilizat tehnica replicarii spumei
polimerice.
Aceasta tehnica consta in introducerea

spumei poliuretanice (PU) intr-o suspensie ceramica.
Dupa eliminarea suspensiei in exces, sistemul
PU/suspensie este ars rezultadnd structura ceramica
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1. Introduction

Calcium phosphate compounds have
importance in the field of biomaterials due to their
positive ,,in vitro” and ,,in vivo” responses:
bioactivity, biocompatibility and osteoconductivity
[1-5].

Calcium hydroxyapatite (HAP), tricalcium
phosphate (B-TCP) and combinations of the two
(HAP/TCP), are the more commonly investigated
calcium phosphates for biomedical applications.
Tricalcium phosphate (3-Caz(PO,), is the most
important biodegradable ceramic material because
it presents the property of osteosynthesis. Also, the
studies made in the last years, have demonstrated
that is an osteoconductive as well as bioresorbable
ceramic, so it is extensively used in areas such as:
orthopedic surgery, stomatology surgery and tissue
engineering [1-3, 6-10]. This ceramics may by used
in powders, granular, dense or porous form.

In this study, in order to obtain B-TCP
granules, we used the polymeric sponge technique.

This technique involves inserting of the
polyurethane (PU) foams into ceramic slurry. After
elimination of the excess slurry and drying, the PU-
foams are burnt off and, after sintering, ceramic
foams are obtained and graining through a sieve
with mesh sizes ranging between 500-1000 um.
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care se granuleaza pe o sita cu dimensiunile ochiu-
rilor cuprinse intre 500-1000 pm.

Proprietatile suspensiei ceramice sunt
cruciale pentru caracteristicile spumei. In primul
rand, continutul de solid sa fie ridicat, cu scopul de
a reduce contractia n timpul arderii, o buna
omogenitate si sa fie stabile in timp.

Comportamentul suspensiei poate fi ajustat
prin modificarea parametrilor de procesare cum ar
fii compozitia chimicd a reactivilor, marimea
particulelor, aditia agentilor de dispersie; functia
sistemului dispersant/solvent este in primul rand,
pentru udarea suprafetelor, astfel incat fortele de
atractie pot fi depasite si in al doilea rand, pentru a
modifica proprietatile suprafetei astfel incat
particulele nu se combina si nu se aglomereaza
[4,8,9,11].

Caracteristicile suspensiilor ceramice cum
ar fi potentialul zeta si punctul iso-electric (PIE) au
fost determinate cu aparatul ZetaPlus Brookhaven.

Compozitia chimica si morfologia au fost
investigate prin difractie de raze X (DRX) si
microscopie optica (MO). Biocompatibilitatea
produsului s-a analizat prin evaluarea efectului
citotoxic utilizdnd metode biochimice.

Lucrarile viitoare se vor axa pe investigatiile
,»in vivo” a granulelor de B-Caz(POy,),.

2. Experimentari

Materiile prime utilizate in aceasta lucrare
au fost: pulberi de B-TCP (obtinute in laboratorul
nostru), dispersanti (poliacrilat acid de sodiu gi acid
citric produse de Merck), liant (oxid de polietilena)
si spuma poliuretanica.

2.1 Prepararea suspensiei

in vederea obtinerii unei suspensii stabile si
omogene cu un continut initial de 75% solid au fost
testati doi dispersanti: poliacrilat acid de sodiu i
acidul citric.

Prima etapa in elaborarea suspensiei a fost
amestecarea mecanica a apei distilate cu
dispersantii (1% din masa solidului). Apoi, pulberea
a fost adaugata treptat pentru o perioada de 5
minute pentru a prepara un sistem fluid necesar
utilizarii viitoare.

2.2. Prepararea granulelor de 8 — TCP

Pentru prepararea granulelor din B — TCP
s-a utilizat tehnica spumei poliuretanice. Aceasta
tehnica a constat in imersarea unui burete
polimeric in suspensie ceramicd, eliminarea
excesului si uscarea structurii infiltrate. Uscarea
s-a realizat la aer pentru 48 de ore. Structura
uscata a fost incalzita la 1000°C, in aer pentru a
elimina buretele polimeric.

Descompunerea poliuretanului s-a realizat la
temperatura mica, cu viteza scazuta in asa fel incat
nici un stres sa nu fie indus in structura nesinterizata
a structurii ceramice. Buretele a fost total descompus

tricalcium phosphate granules

The properties of the ceramic slurries are
crucial for the characteristics of the foams. Firstly,
they should have high content of solids, in order to
reduce the shrinkage during firing, good
homogeneity and must be stable in time.

The suspensions behavior can be adjusted
by modifying different processing parameters,
such as the chemical composition of the reagents,
the particle size, and the addition of dispersing
agents; the function of dispersant/solvent systems
is, first, to wet the surfaces so that attractive forces
can be overcome and, second, to modify the
surfaces properties so that the particles will not
recombine or flocculate [4,8,9,11].

The characteristics of the ceramic slurries
such as zeta potential and iso-electric point (IEP)
were determined with the ZetaPlus Brookhaven
type. The chemical composition and morphology
were investigated using X-ray diffraction analysis
(XRD) and optical microscopy (OP). The
biocompatibility of the product was analyzed by
evaluation of the cytotoxic effects, using a
biochemical method.

Future works will focus on “in vivo”
investigation of the B-Ca3(PQO,), granules.

2. Experiments

The starting materials used in this study
were: beta-TCP powders obtained in our
laboratory, dispersing agents (sodium polyacrylic
acid and citric acid made by Merck), binder
(polyethylene oxide) and polyurethane sponges.

2.1 Preparation of the suspension

In order to obtain stable and homogenous
suspensions with an initial solid content of 75wt.%,
two dispersant were tested: sodium polyacrylic
acid and citric acid.

The first stage in the suspension
elaboration was the mechanical mixing of distilled
water and dispersants (1 wt.% based on dry solid
mass). Then the powder was progressively added
for a time period of 5 minutes to prepare a fluid
system necessary to further utilization.

2.2. Preparation of the B-TCP granules

For obtaining the B-TCP granules we used
polymeric sponge technique. This technique
consisted in immersion of the polymer sponge in
ceramic suspension, removing the excess slurry
and drying of the infiltrated structure. The drying
was performed in air for 48 h. The dry structure
was heated at 1000°C in air to volatilize the
polymeric sponge.

The decomposition of the polymeric
sponge was realized at low temperature, with a
low rate, so that it is not induced any stress in the
unsintered ceramic structure. The sponge was
totally decomposed at around 600°C.

In order to obtain granules, the ceramic
foam was grained through a sieve with mesh sizes
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la o temperatura de aproximativ 600°C.

in vederea obtinerii granulelor, spuma
ceramica a fost granulata pe o sita cu dimensiunea
ochiurilor aflate in intervalul 500-1000um.

2.3.Testarea “in vitro” a citotoxicitatii

Testele de citotoxicitate au fost efectuate
in conformitate cu standardul SN ISO 10993 (1).

Conditii de cultura. Celulele din linia celulara
L929 de fibroblasti de soarece (Sigma) au fost
cultivate in mediu de cultura esential (MEM
Biochrom) suplimentat cu 10 % ser fetal bovin,
penicilind/streptomicina (Biochrom), L-glutamina
(Biochrom). Culturile celulare au fost mentinute in
incubator (REVCO) intr-o atmosfera de 5% CO, si
o temperatura de 37°C.

Prepararea extractelor. inainte de a fi supus
procedurii de extractie, materialul ceramic a fost
sterilizat prin iradiere gama cu o doza de 25 kGy.
Extractele pentru testele de citotoxicitate au fost
obtinute din proba in conformitate cu standardul
SR EN ISO 10993-5 si SR EN ISO 10993-12.
Pulberea de B-TCP a fost imersata in mediu de
cultura complet pentru o perioada de 24 h, la o
temperatura de 37°C, fara agitatie, cu un raport de
extractie greutate-volum de 3 cm?ml. Culturilor de
celule li s-au aplicat atat extractul pur cat si dilutii
ale acestuia de 1/2, 1/5 si 1/10. Ca proba de
control negativ a fost utilizat mediu de cultura
esential MEM fara ser, iar ca si control pozitiv s-a
utilizat o solutie apoasa de 0,45 % fenol.

Metoda de difuzie in agar. Testarea s-a
facut in vase petri de 35 mm in diametru. S-a
adaugat fiecarui vas de cultura o suspensie
celularda pentru a se asigura o concentratie de
celule de 1,5 x 10° celule/vas de cultura. Celulele
se incubeaza timp de 24 h pentru a obtine un
monostrat celular subconfluent. Dupa incubare,
monostratul celular se acopera cu un strat de agar
nutritv. de 0,5 % (Sigma). Dupa gelificarea
agarozei, s-au plasat in contact cu agarul, discuri
sterile Millipore Tmbibate cu probele si controalele
de testat si s-au incubat timp de 24 h. Apoi, s-au
indepartat mostrele si s-a adaugat fiecarui vas
solutie 0,01% de rosu neutru si s-a incubat 30 min
la 37°C. Dupa indepartarea colorantului, fiecare
cultura s-a analizat microscopic. Observarea
celulelor s-a facut in 15 zone delilmitate de caroiajul
de pe fundul vaselor de cultura. Procentul de celule
necolorate (lizate) s-a calculat prin Tmpartirea
numarului de celule necolorate la numarul total de
celule observate (colorate si necolorate).

3. Rezultate

3.1. Caracterizarea suspensiei ceramice
Dispersabilitatea pulberii de B-TCP in apa
distilata, a fost evaluata printr-un simplu
experiment de sedimentare, utilizand in suspensie
20% solid (4 g in 20 cm’ apa distilata) intr-un

ranging between 500-1000 um.
2.3. In vitro cytotoxicity testing

The cytotoxicity tests were performed by
according to SN 1ISO 10993 (1).

Culture conditions. Mouse fibroblast L929
cell line (Sigma) were cultured in minimal essential
medium (MEM Biochrom) supplemented with 10 %
fetal bovine serum (Biochrom),
penicillin/streptomycin  (Biochrom), L-glutamine
(Biochrom). Cultures were maintained in an
athmosphere of 5% CO, in air at 37°C (REVCO
incubator).

Preparation of extracts. Before extraction,
the ceramic material was sterilized by gamma-
irradiation with 25 KGy. Extracts for the cytotoxicity
test have been obtained from material in
accordance with SR EN ISO 10993-5 and SR EN
ISO 10993-12 standards.The material were
immersed in complete culture medium for 24 h, at
37°C without agitation, with a weight-volume ratio
of 3 cm?/ml. The pure extract and the 1/2, 1/5 and
1/10 dilutions were added to the cells. Minimal
essential medium MEM without serum was used
as negative control and a solution of 0.45 %
phenol was used as positive control.

Agar diffusion method. A monolayer of
L929 cells (1.5 x 10°cells/dish) was grown in 35
mm petri dishes for 24 h. The monolayer was then
overlayed by a 0.5 % agarose-nutrient layer
(Sigma). A volume of 1 ml of agarose was used for
each dish. After gelation of the agarose layer,
sterile Millipore discs (10 mm in diameters) soaked
with samples and controls were added on top of
the layer and incubated for 24 h. Then the discs
were removed and the agarose layer was covered
by 1 ml of 0.01 % neutral red solution and
incubated at 37-C for 30 min. The neutral reds
were aspirated and the cell coloration was
microscopically assessed. Measurements were
performed with the use of a 40X objective
magnification. For analysis, the 15 different fields
were chosen on a straight line reaching from the
left border through the center to the right border of
petri dish. The percentage of avital (uncoloured)
cells of each field was calculated by dividing the
number of uncoloured cells by the total number of
cells (colored plus uncoloured cells).
3. Results
3.1.  Characterization of the ceramic

suspensions

The dispersibility of the 3-TCP powder in
distiled water was evaluated firstly by simple
sedimentation experiment, using 20 wt.% solid-
loaded suspensions (4 g powder in 20 cm’®
deionized water) in the pH range of 7-12.

The particle-settling characteristics of a
20 wt.% slips left undisturbed for sediment in a
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interval al pH cuprins intre 7-12.

Caracteristicle de  sedimentare  ale
suspensiilor cu 20 % solid, lasate nemiscate in
cilindri de sticla au fost studiate masurand
inaltimea sedimentului in functie de pH.

Inaltimea stratului de sediment dupéa 24 ore,
prezentat in figura 1, arata ca pulberile de B-TCP
din apa distilata s-au aglomerat. Volumul cel mai
scazut al sedimentarii, care indicd o stabilizare
ridicaté a solutiei a fost obtinutad in cazul probelor
realizate cu agenti de dispersie, la un pH de ~10.

Suspensiile continand 0,02 % particule cu sau
fara adaosuri (poliacrilat acid de sodiu si acid citric)
au fost caracterizate cu aparatul ZetaPlus Brookhaven.
Figura 2 prezinta curbele potentialului zeta functie
de pH, in cazul suspensiilor cu si fara agenti de
dispersie (1% poliacrilat de sodiu si acid citric).

8 Sodium polyacrylic acid
O Citric acid
8 No dispers

60

50

40

30 -

20 -

Sediment volume (%)

10 -

Fig.1 - Variatia volumului de sediment cu pH-ul.
Variation of sediment volume with pH level.

Punctul iso-electric (PIE), in absenta
dispersantilor a fost gasit la pH=7,6. Aditia
diferitilor dispersanti creste valoarea negativa a
potentialului zeta ceea ce conduce la o cregtere a
fortelor repulsive dintre particule.

3.2 Caracterizarea granulelor de B-TCP

Microstructura granulelor a fost evaluata
prin analiza imaginii optice (fig. 3). Observatiile de
la microscopul optic releva suprafete neregulate si
rugoase, fara incluziuni straine; dimensiunea
granulelor de B-TCP (obtinute in laboratorul nostru)
dupa sinterizare se afla in intervalul 500-1000 pm.

Analizele de difractie de raze X (DRX) ale
probelor tratate termic la 1000°C arata prezenta
compusului B-TCP ca faza unica in concordanta cu
fisa JCPDS Nr. 09-0169.

3.3 Evaluarea biocompatibilitatii

Rezultatele obtinute in urma testelor
demonstreaza faptul ca produsul PG B-TCP
(produs granular din beta-fosfat tricalcic) prezinta
0 buna biocompatibilitate.

Zeta potential (mV)
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glass cylinders were studies by measuring
sedimentation heights as a function of pH.

The sedimentation heights after 24 h,
shown in Figure 1, reveal that the B-TCP powder
was highly flocculated in distilled water. The
lowest sedimentation volume which indicates the
highest stabilization was obtained at condition
where pH ~ 10 for samples made with dispersing
agents.

The suspensions containing 0.02 wt.%
particles without and with two dispersants
(sodium polyacrylic acid and citric acid) was
characterized with ZetaPlus Brookhaven device.
Figure 2 shows the zeta potential curves of the
suspensions as a function of pH, without and with
dispersing agents (1% sodium polyacrylat acid
and citric acid).

100
80 4 —n=—No dispers

—#="Sodium polyacrylic acid

60 - —e—Dij-sodium pyrophosphate

40

0 r T r : .
6 7 8 9 10

11 pH

-100

Fig. 2 - Curbele potentialului zeta pentru suspensii in prezenta sau

absenta agentilor de dispersie / The zeta potential curves for
suspensions in the absence and presence of dispersing
agents.

The iso-electric point (IEP), in absence of
dispersants, was found at pH=7.6. The addition of
the different dispersants increases the negative
zeta potential values leading to an increase of the
repulsive force among particles.

3.2 Characterization of the B-TCP granules

The microstructure of granules was
evaluated through analyzing of the optical images
(Figure 3). Observation by optical microscopy
reveals an irregular and rough surfaces, without
foreign insulations; the dimensions of the B-TCP
granules (obtained in our laboratory) after sintering
were in the range of 500-1000 um.

The X-ray diffraction analysis (XRD) of the
samples heat treated at 1000°C showed the
presence of the B-TCP as the unique phase in
accordance with JCPDS file No. 09-0169.

3.3 Evaluation of the biocompatibility
Cytotoxicity assay results proved that the PG

B-TCP (granular product based on beta-tricalcium

phosphate) product has good biocompatibility.
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- x - B-TCP

Intensity (u.a)

20

Fig. 4 - Spectrele de difractie de raze X ale granulelor de B-TCP
The X-ray diffraction patterns for B-TCP granules.

Fig. 3 - Imagini optice ale granulelor de B-TCP.
Optical images of the 3-TCP granules.

Fig. 5 - Morfologia fibroblastelor dupa aplicarea mostrelor: (a) control
negativ; (b) control pozitiv; (c) extractul nediluat al probei; (d)

Raspunsul fibroblastelor la contactul cu extractul probei diluat 1/10 ./ Morphology of cultured
extractele nediluate si diluate a fost cuantificat fibroblasts under (tfe fest materials. () ”ega”(‘”j contron (D)
positive control; (c) undiluted sample extract; (d, diluted

conform standfclr_delor SR EN ISO 109993. Nu a sample extract,
fost observat nici un efect toxic al mostrelor testate Tabelul 1

asupra celulelor. Monostratul celular a ramas intact
fard a prezenta celule lizate (fig 4, tabelul 1). Rezultatele testului de difuzie in agar / Results of agar diffusion test

. . P Proba Control | Con- Pro- Pro- Pro- Pro-

Controlul neg'a!tlv nu grev efect CItOtOXIC,' in tlmp ce Sample negativ | trol ba ba ba ba
controlul pozitiv prezintd un grad de C|_totOX|C|tate Negativ | pozi- nedi- | dilua- | dilua- | dilua-

moderata (se observa un numar mai mare de control | tiv luata | t&1/2 | ta1/5 | ta
celule lizate care nu incorporeazé colorantul vital f’OS" ‘IJ'ng tD'gU' tDl¢Iju- g_}o
e ute e e 1u-

rosu nemru)' con- sam- | sam- | sam- | ted
trol ple ple ple sam-

5. Discutii si concluzii 1/2 1/5 | ple
1/10

Indexul 0 2 0 0 0 0

In aceastd lucrare s-au elaborat granule de Zonei
B-TCP (faza unica) cu dimensiuni in intervalul 500- | zope

1000 pm cu forme rugoase. index

Cel mai eficient dispersant utilizat in aceastd | Indexul de 1 3 1 1 1 1
lucrare pentru a obtine suspensii stabile a fost 'L'23.
poliacrilatul de sodiu care a permis obtinerea unei ,-n}z,séi

suspensii ceramice cu un continut de 75 % solid. [Indexul de | 0/ 2/3 0/1 0/1 0/1 0/1
Pulberea de B-TCP sintetizata prin precipitare din | réspuns
solutii de s&ruri s-a aglomerat la dispersia in apa | Response
distilata; punctul iso-electric a fost gasit la pH=7,6. index

» < 10 - Rezultat Non- Mode- Non- Non- Non- | Non-
S-a stabilit ca 1% dispersant la pH~10 a fost | Resuit citotoxic | rat cito- | cito- | cito- | citoto
suficient pentru a dezaglomera pulberea de 3-TCP. cito- | toxic | toxic | toxic | xic

toxic
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Testele de biocompatibilitate au evidentiat
faptul ca produsul prezinta o] buna
biocompatibilitate, monostratul celular ramanand
intact fara a prezenta celule lizate.

Nota
Aceasta lucrare a fost finantata din Proiectul Nucleu Nr.
09350301/2009.
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Fibroblasts response to undiluted and
diluted extracts was graded according to the SR
EN ISO 109993 standards. No reactivity was
observed with the tested product extracts: the
confluent cell layer was left intact with absence of
cell lysis (Figure 4, Table 1). The negative control
obtained no reactivity as well. The positive control
demonstrated a moderate reactivity (can see a
greater number of cell lysates which do not
incorporates neutral red vital dye).

5. Discussions and conclusions

In this paper we developed 3-TCP granules
(unique phase) with dimensions in the range of
500-1000 pym with irregular surfaces.

The most efficient dispersant used in this
work for obtaining stable suspensions was sodium
polyacrylic acid that enabled the preparation of a
stable ceramic suspension containing 75 wt.%
solid.

The B-TCP powder synthesized by
precipitation, from salt solutions was highly
flocculated when was dispersed in distilled water;
the iso-electric point (IEP) was found at pH =7.6.
It was determined that a 1 wt.% dispersing agents
at a pH ~10 was sulfficient for deflocculating of the
B-TCP powder.

The biocompatibility tests showed that the
product has a good biocompatibility, cell
monolayer remaining intact without presenting
lysis cell.
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