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Abstract

Synthetically prepared biomaterials that are usedinical practise as alternatives of
damaged, diseased or undeveloped parts of skedsteell as missing parts of body for
correction of inherited or pathological deformitmsfor traumatic injuries are the most often
used materials. To improve the surface properfiégsoonaterials for cell adhesion and
colonization, the bioglass with various contenPgds in oxide system LD-Si0,-CaO-Cak-
P,Os was prepared. In this work the biocompatibilitylanytotoxicity of bioglass with 0%,
10%, 12% and 14% content of? were evaluated on mouse fibroblast NIH-3T3 catld a
human fibroblast cells VH10 and B-HNF-1. The disivthout bioglass presence were used
as negative control. We found that all used ce#diwere sensitive to bioglass and all used
methods have indicated slight cytotoxicity. Theiloiion of cell proliferation was
concentration- and time- dependent. The differev&e observed among bioglass with
various content of 0s. The microscopic observations shown that conetdsgrew on the
surface of the cultivation flask. The vast majonfythem were scattered and exhibited

a typical fibroblast morphology with an elongatexd golygonal shape. All fibroblast cells
growing on the surface of bioglass were homogengalistributed on the substrate with
good colonization. On the basis of the obtainedltes# can be concluded that bioglass with
various content of J®s in oxide system LO-Si0,-CaO-Cak-P,Os showed a slight
cytotoxicity and very good biocompatibility.
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Introduction

Bone is a dynamic tissue that can self-regeneratesalf-model under normal physiological
conditions. Bones play an important role in oue$iysupporting our bodies and enabling us
to perform various motions. Bone disease is a gsiiealth condition that directly impacts on
the quality of life of sufferers, particularly anmpthe aged (Ohtsuki et al. 2009). Under some
circumstances that result in large bone defectd) as trauma or tumour removal, bone
cannot completely heal the defect site. Hence, lgoaiing procedures have been developed
to provide mechanical or structural support tolibee and to improve bone tissue formation.

The techniques used to repair damaged bonesralsmportant and when the area of
damaged bone is too large for self-repair, the dmuidones must be repaired by using of
alternative materials such as autografts, allogmfid artificial materials grafts. Artificial
materials implanted into bone defects are geneealbapsulated by a fibrous tissue and do
not bond to living bone. To solve the problem @ threign body reaction, bioactive ceramics
have received much attention, and some bioactiksrdes are now clinically used as bone
substitutes. Bioactive ceramics are generally igghas ceramics that are designed to induce
specific biological activity for repairing damagegans. For repairing bone tissue, the
bioactivity is regarded as the capability to makeat contact with living bone after
implantation in bone defects. The phenomenon ava lmone formation on the surfaces of
bioactive ceramics is called osteoconductivity. 8dnoactive ceramics have already been
used to repair bone defects because their biogcallows them to achieve tight fixation
resulting from direct bonding to living bone (Ohtsat al. 2009).

Bioactive glasses are special systems which arergly composed of SKDCaO and
P,Os. They can be synthesized by traditional melt ghencor by the versatile sol-gel
process. The bioactive behavior of these glass#sfiised as the ability to bond to soft and
hard tissues by means of a series of reactionghwiroduces a strong, compliant interface
between the glass and the tissue. Due to its supgrality in tissue integration and
regeneration, bioactive glass has been used dlinioaa variety of situations. Bioactive glass

devices are now available to treat bone loss dperiodontal disease, conductive deafness,
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alveolar ridge resorption and to fill cystic andginally created defects, particularly in
craniomaxillofacial sites.

Bioactive glasses in the system of $iCAO-RBOs-Na;,O have been shown to form
a mechanically strong bone and soft tissue; bondaagirs by the rapid formation of a thin
layer of hydroxycarbonate apatite (similar to bgit@l apatite) on the glass surface when
implanted or in contact with biological fluids.Has also been shown that bioactive glasses
provide an ideal environment for colonization, geyhtion and differentiation of human
osteoblasts to form a new bone. Some compositibbh®active glasses also show strong
interaction with soft tissues which makes theseenals attractive for applications in tissue
engineering scaffolds. Thus, since bioactive gkasse able to form bonds to soft tissues, the
incorporation of bioactive glass particles eithecaatings or fillers into resorbable
ceramic/polymer scaffolds is seen as a conveniagttev develop scaffolds for tissue
engineering applications (Gross, 1993).

Many compositions containing SiGCaO and FOs are found to be biologically active.
They include Ceravital®, Cerabone® A/W glass cetanfii-tricalcium phosphate, sintered
hydroxy apatite, 58S bioactive gel-glasses, maodifiBS5 glass compositions and bioactive
composites (Saravanapavan et al. 2003).

Composite material of bioglass — ceramic is charaed by properties that are
generated by combination of its components progertt is impossible of achievement by
using ceramic or glass itself. Crystalline phasspeatgated in glass improve mechanical
properties of materials. Glass — ceramic with lithisilicate as the main crystalline phase
achieves higher toughness as the average rigifitgeth that is around 3.6 GPa. Crystalline
fluorapatite increases even rigidity of it. In s@tiwlogy bioglass- and glass- ceramics based
on lithium silicate and fluorapatite have wide apgifion. They are prepared using
conventional melting or sol-gel method. Procesgreparations facilitates cast components in
glass phase directly into the required shape ofantp. Colour and brightness of this glass —
ceramic type conform to demands of dental medicine

Following this, Kuzielova et al. (2006) preparedeav composite bioglass-ceramic
based on LIO-Si0,-Ca0O-Cak-P,Os system. The composite contained different contehts
P,Os and bioactivity of all samples has been prowedtro by the formation of new layers of

apatite-like phases after their soaking in simuldtedy fluid (SBF).
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The aim of this experimental investigation wasise the embryonal three fibroblast
cell lines ( NIH-3T3, VH10, B-HNF-1 ) for study diocompatibility and cytotoxicity of
bioglass-ceramic composite with 0%, 5%, 10%, 12% B4 BOs content. Standard plastic
Petri dishes without bioglass sample were usednegative control. The appropriateness of
the use of these cells and their sensitivity teetébioglass-ceramic samples we evaluated on
the basis of four cytotoxic end points: cell pretdtion, LDH release, protein and DNA cell

content.

Material and Methods

Materials

The samples of bioglass-ceramic composite wereapeelan the laboratory of Assoc. prof.
Martin Palou, PhD. from Institute of Inorganic Chsetry, Technology and Materials, Faculty
of Chemical and Food Technology, Slovak Universityechnology (Kuzielové et al. 2006).
P,Os content in bioglass samples was 0%, 5%, 10%, 1#%44%. The bioglass were sliced
for squares with size of 1 éand sterilized 4 h at 200 °C in hot-air kiln.

Dulbecco’s modified Eagle medium (DMEM), fetal bw/serum (FBS), trypsin and
antibiotics were purchased from Biocom Company {{Blava, Slovakia). Trypan blue, MTT,
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazofh bromide), Hoechst 33258 and the all
other used chemicals were from Sigma (St. Loui®, MSA).

Cell lines

Human fibroblast cell lines VH10 and B-HNF-1 anduse fibroblast NIH-3T3 cells were
obtained from the American Type Culture Collect{®wockville, MD, USA). The cells
(starting inoculum D x 1 VH10 cells/mL, 5 x 10B-HNF-1 cells/mL and 5.9xfMNIH-
3T3 cells/mL) were grown in completely Dulbecco’sdified Eagle Medium DMEM
supplemented with 10% (vol/vol) fetal bovine sery@nicillin G (100 mg/L), streptomycin
(2100 mg/L) and kanamycin (100 mg/L) at 37 °C in ldifred 6% CQ and 94% air
atmosphere. Before a confluent monolayer was foredcells were harvested from the
culture surface by incubation with a 0.25% solutiirypsin. When a suitable cell
concentration was reached, the suspension wadastie experiments. The cells were
currently in the exponential phase of growth. Alberiments were performed in Petri dishes

(@ 60 mm). Cell viability was determined by a Trgdalue exclusion test.
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Biocompatibility assessment

The biocompatibility of bioglass-ceramic composigenples was assessed on the base of the
cell adherence and the colonization of fibroblagtures on biomaterial surface by light
microscopy. In the first step, the cell suspensvas applicated directly on the surface of
bioglass, then the cells adhered for 1h in incubat@7 °C and next the remaining culture
medium was added. The control cells were culturszttly on the surface of Petri dishes.
Colonization and the morphology of cells adhererted growing on the surface of Petri
dishes and bioglass samples were assessed byligtuscopy and photographed by
Panasonic DMC/FX3.

Direct contact test
The basal cytotoxicity of bioglass samples wasrdeteed using the method of direct cell
counting (Theiszova et al. 2008, Jantova et al9200H10 and B-HNF-1 cells were re-
suspended in culture medium at density of 5%\910 cells/mL and 2.5 x £B-HNF-1
cells/mL and plated on the surface of bioglass $asn(size 1 cA) which were installed on
the bottom in the centre of plastic Petri disidter 1 h of cell adherention in thermostate at
37 °C, 4 mL of culture medium were added and thendishes were incubated for 48, 96 and
144 h, at 37 °C in a humidified atmosphere of 6% @Quir. The negative control was
performed by seeding the cell suspension directlthe bottom of plastic Petri dishes without
glass in the centre. Cell proliferation was evaddadfter 144 h in the absence or with the
presence of bioglass samples. At 48, 96 and 144rkeaiment, the medium was removed,
cells in monolayer were trypsinized (0.25%) (Biog®lovakia) for 3 min at 37 °C and
counted in a Burker chamber. Cell viability wasedetined by 0.4% Trypan blue staining.
Cytotoxic effect of bioglasses was evaluated im#eof inhibition of cell proliferation.

Relative cell growth was calculated using the fdamu
% of viable cells = (K-E)/(K—Ko) x 100

where Ko is the cell number at the time of the addiof bioglass, K is the cell number after
48, 96 and 144 h of cultivation without the biogles and E is the cell number after 48, 96
and 144 h of cultivation with the tested bioglaasples.

The cellular morphology was observed by a lightnmscopy (Meopta, Slovakia) and
photographed by Panasonic DMC/FX3.
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MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetdium bromide) test

After 48, 96 and 144 h of NIH-3T3 cells cultivatiovith the tested bioglass samples, MTT-
dissolved in culture medium (5 mg/mL solution of MTwas added to the cells. Then, the
cells were incubated for 3 hours at 37 °C. Aftezuipation, medium containing MTT was
removed. The reduced MTT in viable cells was digstlby ethanol and its absorbance was
measured on ELISA HUMAN READER at tested wavelen®0 nm and reference

wavelength 630 nm (Mossmann 1983).

DNA content

The DNA content of each sample was measured ussm®NA Quantitation kit (Sigma,
Slovakia) according to Labarca and Paigen (198@3.d fluorimetric method based on the
binding of the bis-benzimide Hoechst stain (Hoe&3258) to DNA.

After appropriate incubation periods, the samplese washed twice with phosphate
buffer saline solution and trypsinized using 0.288kution of trypsin. The cells were re-
suspended in 1 mL of phosphate buffer saline smuffhe Hoechst stain was prepared at a
concentration of 1 mg/mL in 1x TNE buffer (10 x TNE&ffer: 200mM Tris; 2.0 M NacCl;
10mM EDTA; pH 7.4). Tested samples (&5 were pipetted into a minicell cuvette. To each
of these cuvettes, 50 of the Hoechst stain and 2& of 1x TNE buffer were added. The
samples were incubated for 2 — 5 minutes at roonpégature and protected from light. The
samples were read on the Fluorescent Module of @i0¥120/20 Luminometer (Promega,
USA) atl = 360 nm excitation ankd= 460 nm emission. The concentrations of DNA in
tested samples were calculated using a standavd generated from the known

concentrations of DNA (Calf Thymus DNA, Sigma).

Protein content

After 24 h of NIH-3T3 cell cultivation in Petri digs (6.5 x 1bcells/mL) tested bioglass
samples were added. After 48, 96 and 144 h incoubatti 37 °C in a humidified atmosphere
of 6% CQ in air, the content of total cellular proteins atng to Lowry et al. (1951) was

determined. Bovine serum albumin was used as stdinda

LDH quantification
Measurement of LDH release is an important andueatly applied test for cellular
membrane permeabilization and severe irreversiddlelamage. The amount of released LDH

was measured according to Bergmeier (1970).
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After appropriate incubation periods (48, 96 aAd h), the same volume of the
medium with and without cells was aspirated formebioglass sample and stored in ice until
measurement. Then the standard solutions for sanapte released LDH (100 mM Tris-HCI
buffer, pH 7.1, 15 mM NADH, 1.0 M pyruvate sodiualty and total LDH (the same
composition as for released LDH plus 10% solutibmr@on-X-100) were prepared. The
standard solutions were incubated at 31 °C for BalfDbefore measurement. The enzymatic
reaction started by addition of very gently shakample, into the standard solution. The
oxidation of NADH was measured on PU 8750 UV/VI&rsung spectrophotometer

PHILIPS ath = 340 nm. The absorbance decreased linearly défirsgof measurement.

Statistical analysis

Results are shown as the arithmetic means + sathdard deviation) of the mean of three
separate experiments (for each type of bioglaspkeasnthree separate Petri dishes were used
in each experiment). Statistical analysis was peréal by the ANOVA test for nonparametric
measurements (P < 0.05 was considered statistsigiyficant). The collected data were
analyzed using linear regression tools of the ER0OI7 statistical software package

(Microsoft Corp.).

Results and Discussion

Synthetically prepared biomaterials that are usedinical practise as alternatives of
damaged, diseased or undeveloped parts of skedsteell as missing parts of body for
correction of inherited or pathological deformit@sfor traumatic injuries are the most often
used materials. To improve the surface properfiésoonaterials for cell adhesion and
colonization, the bioglass-ceramic composite with, 8%, 10%, 12% and 14% content of
P,Os in oxide system of LD-Si0,-CaO-Cak-P,Os was prepared by Kuzielova et al. (2006).
In our work the biocompatibility and cytotoxicity bioglass samples were evaluated on
fibroblast NIH-3T3, VH10 and B-HNF-1 cells.

Firstly, the cytotoxic potential of bioglass-cetiarmomposite with 10% J®s content
on murine fibroblast NIH-3T3 cells was evaluatedha primary screening. The cell
proliferation and viability of the cells growing dhe surface of Petri dishes (negative control)
and bioglass-ceramic sample was evaluated by M3IT A¢ the same time, the content of cell
proteins and DNA in the control and treated ceksenalso assessed after 48, 96 and 144 h of

incubation. Light microscopy was used for morphatagjudy. NIH-3T3 cells growing on the
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surface of standard plastic Petri dishes were asdble negative control. Results are

presented in Fig. 1-3.
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with 10% RBOscontent determined by MTT test (a), cell proteintenit (b) and DNA
content (c). Control cells (NC) grew on the surfatelastic Petri dishes.

Fig. 1 shows the direct effect of negative conaimudl tested bioglass-ceramic
composite with 10% 45 on NIH 3T3 cell proliferation evaluated at 48,&&d 144 h of
culture by MTT test (a), protein content (b) andMbbntent (c). During the whole time of

cultivation, the absorbance obtained by MTT assayeiased proportionally with the time of

influence (Fig. 1a). As can be seen from Fig. tib,dell protein content proportionally grew

with culture time in control cells (negative cofrand in the affected cells (Fig. 1b), too.
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Similarly, DNA content in control cells and affedteells increased with time of incubation
with bioglasses (Fig. 1c).

The assessment of bioglass-ceramic sample cytdtpsicown, thatontrol NIH-3T3
cells (negative control) grew very well and aftddh of incubation the monolayer was
formed. On the other hand, the bioglaampleinduced weak inhibition of NIH-3T3 cell
proliferation. Negative control did not cause cgtatity during the all experiments. The
cytotoxicity (inhibition percentage of cell prolifgion) of bioglass-ceramic sample measured
after 144 h of treatment by MTT test was 9.4%. Resbtained by cell protein and DNA
content measurement shown, that cytotoxocity wésé aad 9%.

In the MTT test, to study the cell viability, moe fibroblast cell line NIH-3T3
growing on the Petri dish surface of negative airend bioglass-ceramic sample after 144 h
were also photographed. The results are showrgir2FiAs can be seen in figure, after 144 h

of treatment, the NIH-3T3 cells were blue stainszh(ained blue formazan crystals).

NC

10% P»Os

Fig. 2. Viability of NIH-3T3 cells cultivated 144 on the surface of plastic Petri dishes (a),
bioglass with 10 % #®s content (b) determined by MTT test.

The morphology of control and treated NIH-3T3 se&llas assessed utilizing light
microscopy (Fig. 3) .NIH-3T3 cells were plattedtbe surface of standard Petri dishes
(negative control) and bioglass-ceramic composite 80% BOs content. The NIH-3T3
cells treated with negative control and bioglass@a were homogeneously distributed on
the substrate and produced a complete monolaysr B4 h of culture. The great majority of
them were scattered and exhibited a typically fibest morphology with an elongated and
polygonal shape. In some areas, cells in mitosie wbserved. NIH-3T3 cells grown in direct
contact with bioglass-ceramic sample (Fig. 3) diilshow any morphological damage at 48
and 144 h of culture. Their morphology was comesamilar to that of negative control

cells.
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Based on results obtained in primary screeninthjemext experiments we studied the
biocompatibility and cytotoxicity of bioglass-ceremecomposite with another®s content
and other fibroblast cell lines. Samples with 0%, 3.2 % and 14% s content and the
human fibroblast cell lines VH10 and B-HNF-1 wesed for these studies.

NC 48 h

10 % P,Os 48 h NC 144 h

10% R)5 144 h
Pl

Fig. 3. Morphology of NIH-3T3 cells cultivated 4!18(a) and 144 h (b) on the bloglass with
10% ROs content. Control cells (NC) grew on the surfacelafktic Petri dishes.
Magnification: 160x.

Biocompatibility of bioglass-ceramic composite witarious BOs content was
assessed after 144 h incubation of fibroblast 841$0 and B-HNF-1 with bioglass samples
by light microscopy. After application of cell sesysion on plastic Petri dishes and bioglass
samples surface the cell ability to colonize biceniat was evaluated. The morphology and
cell proliferation of adhered cells was further mored. The standard plastic Petri dishes
without bioglasses were used as the negative doiiitte results are shown in Fig. 4 and 5.

As based on Fig. 4,85 content in bioglass-ceramic composite did not tHtheeeffect
on the cell morphology and fibroblast adherencel¥Vidnd B-HNF-1 cells adherented in
around of bioglass samples had the same morphal®glye cells growing on the surface of
Petri dishes (negative control). Increased numbaeorotic cells was not observed.

The cytotoxic potential of bioglass-ceramic comi@samples was evaluated together
with the biocompatibility study. The glass-ceranuggtotoxicity was determined by the direct
counting of cells growing on the bioglasses surf&ig. 5). Viability and metabolic activity
of cells were measured by determination of LDHae&from treated cells. The results are
shown in Fig. 6. The cells growing on the surfatstandard plastic Petri dishes without
bioglass-ceramic composite presence were usedgasivescontrol.

As seen from Fig. 5, the sensitivity of both hunidmmoblast cell lines on bioglass-
ceramic composite samples was at the same levegldis-ceramic composite with higher
P,Os content (12% and 14%) induced 14.9% and 17.0% \(810 cells) and 25.6% and
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26.7% (for B-HNF-1) cell growth inhibition in compson to the negative control. At the
bioglass sample with 5%,0s content 5.7% (VH10 cells) and 16.3% (B-HNF-1 gedsl!
growth inhibition was found. Bioglasses withogOB content caused lowest inhibition of cell
growth, the cytotoxicity was 1.4% (VH10 cells) aa@% (B-HNF-1 cells).

NC

Fig. 4. The morphology of VH10 cells (a) and B-Hlleells (b) growing 144 h on the
source of bioglass without®s (1) and with 5% (2), 12% (3) and 14% (40p
content evaluated by light microscopy. The celtsagng on the surface of Petri dish
were used as negative control (NC). Magnificati2ix.

The effects of bioglass-ceramic composite witliedént BOs content on level of
LDH release from VH10 and B-HNF-1 cells after 14#tdatment are shown in Fig. 6. The
percentage of LDH release was determined as tleeafateleased LDH amount and total
LDH amount. As can be seen in figure, slight petaga increase of LDH release was found
in comparison to the negative control in both useltilines cultivated on all types of bioglass.
The amount of LDH release from cells proportionatetreased with increasing content of
P,Os in bioglass. The percentage of LDH release wakéarrange from 17.9% to 27.3% (for
VH10 cells) and from 22.9% to 28.6% (for B-HNF-1lge The lowest level of LDH release
was found at the bioglass sample withog@4content. These results correlated with the
results obtained in the experiments of cytotoxiesgessment by direct cell counting (Fig. 5).

From the study of relationship betweei©Pcontent in bioglass-ceramic composite
samples and their cytotoxicity can be concludeat, with increasing s content

cytotoxicity of tested samples increased, too.
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Fig. 5. The effect of bioglass without (1) andmi% (2), 12% (3), 14% (4),8s content on
proliferation of VH10 and B-HNF-1 cells after 144€hincubation. The cells grown
on the surface of Plastic dishes were used asdijatine control (NC).

It is generally known that,Ps is one of the essentiabmponents of calcium
phosphate bioglasses and bioglass-ceramics. Glasdegass-ceramic materials based on the
SiO,-Ca0-R0Os system constitute an important group of biomalketizat have found wide
application in medicine as bone implants. Thesenhierials are able to bind with bone in
a living organism through the formation of apalike layer on the implant site or surface.
Bone replacements by autografts and allografts gauged significant interest from the
researchers during the recent years owing to tge demand. Since the discovery of
Bioglass (45S5) by Hench et al. (1971) which hau/ed its favourable features on the
formation of new bone tissue at the implant siwgesal other glass and glass-ceramic
compositions have been attempted aiming at baitefas the bone related surgical
operations. Such type of bioactive material upoplamtation is supposed to chemically
interact with the body fluid in the tissue rehahtiion process. The behavior of bioactive
glasses in the formation of new bone tissue dependbe chemical composition and textural
properties (pore size and volume) (Balamurugah @087).

The effect of FOs on the surface reactivity of glasses and glassreierhas been
reported by Lebecq et al. (2007). Authors demotedrghat the addition of small quantities of
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phosphorus to bioglass compositions (up to 5 mol)ld improve its reactivity. By
contrast, some phenomenological models show theat small quantities of phosphorus
would diminish bioglass bioactivity. Moreover, whBjOs is the glass former (45, 50 mol %),

the formulations are not bioactive.

L
Ln

Hi

H

H

H

LDH release (%)

113¢F’w‘:‘

VH10 cells B-HNF-1 cells

Fig. 6. The effect of bioglass without (1) andmi%o (2), 12% (3), 14% (4),@s content on
LDH release in VH10 and B-HNF cells after 144 rcoftivation. The cells grown on
the surface of standard plastic dish (microplatefeanused as the negative control
(NC).

The biological effects of glasses and glass-caramvith different REOs content in Si-
Ca-Na-P system were presented by many authorsoridieal 45S5 Bioglass, as described
by Hench (1971), is a silica-based melt-derived gtdssacterized by a high CaO,(3 ratio
and very well biocompatibility. Balamurugan et@007) prepared a sol-gel derived CaO-
P,Os-Si0,-Zn0 bioglass with 5% a 10%®s content. The osteoblast cells cultured on the
bioglass discs consistently showed a high alkallmesphatase activity and cell counts
compared to cells cultured on either polystyreratgd or the base of CaQ&aR-SiO, bioglass.
Porous bioactive glass contained 6% 45% SiQ, 24.5% NaO, 24.5% CaO were
synthesized by Livingston et al. (2002). This bisgl has been shown as a bioactive scaffold

for tissue engineering. Preparation amdivo evaluation of newly developed bioglass
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ceramic with 12% JOs content demonstrated Lin et al. (1993)e rabbit condyle test
showed that material formed a tight chemical boittl Wiological texture and had good
biocompatibility. Vallet-Regi et al. (1999) prepdreol-gel bioglasses with 0% and 3%0Op
content in the system SiCaO-R0Os and influence of fDson crystallinity of apatite formed
in vitro on surface was studied. The obtained results sthdiveg the apatite crystals formed
on surface of the glass containingdRin the composition were larger. Therefore, the
presence of sin the sol-gel glass composition promotes the ahygowth of the apatite.
Kitsugi et al. (1986) presented a new type of a@atontaining glass ceramic for the MgO-
Ca0-SiQ-P,0s-CaF, system with 16.3% s content which can form a tight chemical bond
with bones and has a high mechanical strengthkBranal. (2001) have shown that glasses
with a fixed BOs content of 45 mol% give a good range of glasseshvirielt and cast easily
and show good biocompatibility as a biomatenalitro.

Based on the obtained results we can concludathased cell lines were sensitive to
bioglasses. All used methods: cell proliferatiomrpiology, LDH level, protein and DNA
cell content have indicated slight cytotoxicity.eTimhibition of cell proliferation was
concentration- and time- dependent and was inahge from 1.4% to 28.4%. The difference
was observed among bioglasses with various coonfd®Os. Bioglasses were biocompatible,
all of cell types of fibroblasts adhered on theirface very well, the adhered cells did not
have morphological difference to control VH10 a BHA1 cells and their proliferation was
very well. The microscopic observations shown tfwattrol cells grew on the surface of the
plastic Petri dishes. The vast majority of themensrattered and exhibited a typically
fibroblast morphology with an elongated and polygjahape. In some areas, cells in mitosis
were observed. VH10, B-HNF-1 and NIH-3T3 cells girogvon the surface of bioglass-
ceramic composite were homogeneously distributethersubstrate with good colonization.
No significant morphologic changes were found @ated cells, their morphology was
completely similar to that of the control cells.eTamount of released LDH in cells cultured
with bioglass-ceramic composite was increased imparison to the control and wagB
content- and time-dependent.

Bioglass with various content of,®s in oxide system LO-SiO-CaO-Cak-P,Os
showed a slight cytotoxicity and very good biocotiiphty. Other studies are necessary for

their next practical utilization.

Acta Chimica Slovaca, Vol.4, No.1, 2011, 15 - 30



S. Jantova et al., Biocompatibility and cytotoxi@f bioglass-ceramic composite
29

Acknowledgement

This study was supported by the Slovak State Coeenfidr Scientific Research VEGA, grant
1/0165/10.

References
Balamurugan A, Balossier G, Michel J, Kannan S,iBeoune H, Rebelo AHS, Ferreira IMF
(2007) J. Biomed. Mat. Res. Part B: Appl. BiomatkriB3 (2): 546-553.

Balamurugan A, Balossier G, Kannan S, Michel J,édReBHS, Ferreira JMF (2007) Acta
Biomat. 3: 255-262.

Bergmeier HU (1970) In: Methoden der enzymatischealyse. 2° Ed. Akademie Verlag,
Berlin.

Collins AR, Ma AG, Duthie SJ, (1995) Mutat. Res6389-77.
Franks K, Abrahams I, Georgiou G, Knowles JC (2@ibjnaterials 22: 497-501.

Gabelova A, Slam®va D, Ruzekova L, Farkasova T, Horvathova E (1989)plasma 44:
380-388.

Gross UM, Miller-Mai C, Voigt C (1993) In An intradtion to bioceramics (Eds L. L.
Hench & J. Wilson), pp. 105-124. Singapore: WortieStific.

Hench LL, Splinter RJ, Allen WC, Greenlee TK (1971Biomed. Mater. Res.5: 117-141.

Kitsugi T, Yamamuro T, Nakamura T, Higashi S, KalitY, Hyakuna K, Ito S, Kakubo T,
Takagi M, Shibuya T (1986) J. Biomed. Mater. R€§92 1295-1307.

Jantova S, LetaSiova S, Theiszova M, Palou M. (2@@%a Biol. Hung. 60(1): 89-107.
Kuzielova E, Hruba J, Palou M, Stkova E (2006 Ceramics-Silikaty 50 (3): 159-162.
Labarca C, Paigen K (1980) Anal. Biochem. 102: 382-

Lebecq I, Désanglois F, Leriche A, Follet-Houttem&h(2007) J. Biomed. Mat. Res. Part B:
Appl. Biomaterials 83(1): 156- 168.

Lin FH, Liu HC, Hon MH, Wang CY (1993) J. Biomddng. 16(6): 481-496.
Livingston T, Ducheyne P, Garino J (2002) J. Biomddter. Res. 62(1): 1-13.
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951Biol. Chem. 193(1): 265-275.

McKelvey-Martin VJ, Green MH, Schmezer P, Pool-ZdBe, De Méo MP, Colins A (1993)
Mutat. Res. 288(1): 47-63.

Mosmann T (1983) J. Immunol. Methods 65: 55-63.
Ohtsuki CH, Kamitakahara M, Miyazaki T (2009) J.Jc. Interface 6: S349-S360.

Saravanapavan P, Jones JR, Pryce RS, Hench LL)(20B®med. Mater. Res. A 66(1):
110-119.

Singh NP, McCoy MT, Tice RR, Schneider EL (1988pE&ell Res. 175: 84-91.

Slameiova D, Gabelova A, Ruzekova L, Chalupa I, Horvath&y FarkaSova T, Bozsakyova
E, Stetina R (1997) Mutat. Res. 383: 243-252.

Acta Chimica Slovaca, Vol.4, No.1, 2011, 15 - 30



S. Jantova et al., Biocompatibility and cytotoxi@f bioglass-ceramic composite
30

Theisova M, Jantova S, Vallk Palou M (2008) Biologia 63(2): 273-281.
Vallet-Regi M, Izquierdo-Barba I, Salinas AJ (1999Biomed. Mater. Res. 46(4): 560-565.

Acta Chimica Slovaca, Vol.4, No.1, 2011, 15 - 30





