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SazZetak

Svrha rada: Usporediti citotoksicnost/genotoksicnost zagrijanih kompozita polimeriziranih preko
CAD/CAM overleja na kulturi izoliranih ljudskih limfocita. Materijali i postupci: Mikrohibridni (Z100,
3M ESPE) i nanopunjeni kompozit (Filtek Supreme Ultra, 3M ESPE) zagrijani su u uredaju za zagrija-
vanje kompozita (Calset, AdDent Inc.) na temperaturama od 37 °C (T1), 54 °C (T2) i 68 °C (T3). Ma-
la koli¢ina zagrijanog kompozita stavljena je u cilindri¢ni kalup (promjera 6 mm, debljine 0.65 mm),
prekrivena Mylar folijom, spresana, te osvjetljena izravno, preko CAD/CAM keramicki pojacanog poli-
mera (CRP) (LAVA Ultimate, 3M ESPE) ili CAD/CAM litij disilikatnog keramickog overlaja (LDC)(e.max,
Ivoclar/Vivadent) debljine 2 mm. Odmah nakon osvjetljavanja uzorci su stavljeni u stani¢nu kulturu
limfocita izoliranih iz periferne krvi. Citotoksi¢nost je izmjerena metodom dvojnog bojenja etidijevim
bromidom i akridinskom naran¢astom bojom koja omogucuje odredivanje postotka Zivih stanica te
stanica u apoptozi i nekrozi na osnovi njihovih morfoloskih obiljezja. Genotoksi¢nost je procijenje-
na uporabom komet-testa u alkalnim uvjetima. Rezultati: Za Z100, najveci postotak Zivih stanica za-
biljezen je na T1 (93,7 %) nakon izravnog osvjetljavanja; slijedi osvjetljavanje preko CRP-a (92,3 %)
te LDC-a (91,7 % T1, T3). Za Filtek Supreme Ultra najveci postotak Zivih stranica zabiljezen je nakon
osvjetljavanja preko CRP-a (91,2 % T2), LDC-a (90 % T1, T3) te pri izravhom osvjetljavanju (88,7 %
T2). Zaklju¢ak: Za oba ispitivana materijala, zagrijavanje na T1 i T2 postupak je izbora. S obzirom na
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genotoksi¢nost, ne preporucuje se zagrijavanje na T3.

Uvod

Svjetlosno stvrdnjavajuéi kompozitni materijali uvelike
se upotrebljavaju u klinickoj stomatologiji kao restaurativni
materijali zbog estetskih i mehanickih svojstava te razmjerno
jednostavnog rukovanja. Ako kompozitni materijal nije ade-
kvatno polimeriziran, moze otpustati pojedine komponente
iz punila, ili ¢esce iz nepolimerizirane organske matrice. Cak
i odgovarajuée polimerizirani kompozitni materijal sadrzava
odredenu koli¢inu zaostatnog monomera koji, ako je otpu-
$ten, moe toksi¢no djelovati (1). Cimbenici kao $to su sastay
i vrsta punila te vrsta i povrsina Cestica punila, mogu utjeca-
ti na koli¢inu otpustenog monomera (1, 2). Ferracane i Con-
don (3) istaknuli su da se najveca citotoksi¢nost uzrokovana
nepolimeriziranim kompozitom dogada tijekom prva 24 sa-
ta. No Wattha i suradnici (4) ispitivali su citotoksi¢nost smo-
lastih restaurativnih materijala podvrgnutih procesu starenja
u umjetnoj slini i zakljucili da oni mogu otpustati zaostat-

notoksicnost, uredaj za polimerizaciju

Introduction

Light cured composite materials are widely used in clini-
cal dentistry as restorative materials due to their esthetic, me-
chanical and handling properties. If a composite material is
not polymerized properly, it can lead to the leaching of com-
ponents either from filler or mostly, from unpolymerized or-
ganic matrix. Even properly cured composite materials con-
tain a certain amount of residual monomers that can be eluted
and exert a toxic effect (1). Factors like filler composition, fill-
er content, filler surface area and type of filler particle treat-
ment process can influence the amount of leached monomers
(1,2). Ferracane and Condon (3) showed in their study that
the highest cytotoxicity induced by unpolymerized compos-
ites occurs during the first 24 h. However, Wattha et al., (4)
tested cytotoxicity of resin-containing restorative materials af-
ter aging in artificial saliva and concluded that resin-based re-
storative materials may release residual components, which
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ne komponente koje, pak, mogu uzrokovati citotoksi¢nost i
do dva tjedna. Ispitivanja u uvjetima iz vitro pokazala su da
metakrilatni i dimetakrilatni monomeri upotrijebljeni u re-
staurativnim dentalnim materijalima mogu povecati unutar-
stani¢nu razinu reakdvnih kisikovih spojeva, $to moze pota-
knuti apoptozu. Uz to, suprimiraju mitohondrijsku aktivnost
makrofaga, poti¢u¢i time njihov upalni odgovor, umanjuju-
¢i enzimatsku aktivnost te uzrokujuéi fragmentaciju DNA-e
i ekspresiju ¢cimbenika rasta i citokina (5 - 9).

Premda je teoretski moguca 100-postotna konverzija mo-
nomera u polimer, obi¢no od 25 do 50 % dvostrukih veza
metakrilatnog monomera ne reagira te se procjenjuje da je 5
do 10 % ukupne koli¢ine dvostrukih ugljikovih veza koje ni-
su reagirale dostupno za interakciju s makromolekulama u bi-
oloskom sustavu (3, 10, 11). Kompozitni materijali ne dosezu
maksimalan stupanj konverzije neposredno nakon polimeri-
zacije (12, 13). Moon i suradnici (5) u svojoj su studiji poka-
zali da je potrebno sedam dana da bi stupanj konverzije dose-
gnuo maksimum polimerizacije, na povrsini i na dnu ispuna.
Nadalje, zakljudili su da se koli¢ina monomera otpustena iz
kompozitnog materijala razlikuje s obzirom na vrstu polime-
rizatora i postupka polimerizacije. U drugoj pak studiji isti su
autori (14) istaknuli da se razlike izmedu kolic¢ine otpustenog
monomera i mehanickih svojstava dogadaju kada je kolic¢ina
energije emitirana iz uredaja za polimerizaciju manja od 17 J/
cm?. Nasuprot tomu, ako je koli¢ina emitirane energije veca
od 17 J/em® razlike nestaju bez obzira na to koji je program
polimerizacije ili polimerizacijski uredaj upotrijebljen (15).

Nedavno je zagrijavanje kompozitnih materijala prije
unosenja u kavitet postalo popularan i prihvatljiv pristup u
svrthu postizanja veéeg stupnja konverzije te boljih mehani¢-
kih svojstava, a bez negativnog u¢inka na marginalno brtvlje-
nje (16, 17). Koristenje zagrijanih kompozita postaje sve po-
pularnije i kao sredstvo cementiranja CAD/CAM restoracija
(18 - 20).

Daronch i suradnici (17) pokazali su da kompozitni ma-
terijali zagrijani do 60 °C mogu poboljsati stupanj konverzi-
je na povrsini i na dubini ispuna do 2 mm. No Froes-Salga-
do i njegovi kolege (21) nisu pronasli znacajno poboljsanje
mehanickih svojstava ni stupnja konverzije na unaprijed za-
grijanim kompozitnim materijalima, ali su pokazali pobolj-
sanje adaptacije kompozitnih materijala za stijenku kaviteta.
Lohbauer i suradnici (22) istaknuli su da unaprijed zagrija-
ni kompozitni materijali mogu negativno utjecati na rubove
kompozitnog ispuna zbog veéeg polimerizacijskog skupljanja
kao posljedice vieg stupnja konverzije.

Kako upotreba zagrijanih kompozitnih materijala kao
sredstva za cementiranje CAD/CAM restauracija postaje sve
popularnija, zanimljivo ¢e biti istraziti utjecaj tako zagrija-
nog kompozita polimeriziranog preko CAD/CAM uzorka
kad je rije¢ o citotoksi¢nosti i genotoksi¢nosti. Zato je svrha
ove studije procijeniti citotoksi¢nost i genotoksi¢nost dvaju
kompozitnih materijala zagrijanih na tri razlicite temperatu-
re te osvijetljenih izravno i preko CAD/CAM overleja deblji-
ne 2 mm. S obzirom na to, postavljene su sljede¢e hipoteze:
1. izravna polimerizacija kompozita pokazuje jednaku cito-

toksi¢nost i genotoksi¢nost kao i polimerizacija kompo-

zitnog uzorka preko CAD/CAM overleja

Toksicnost prethodno zagrijanih kompozita .

trigger cytotoxicity for up to 2 weeks. In vitro studies indicat-
ed that methacrylate and dimethacrylate monomers used in
restorative dental materials may increase the intracellular lev-
el of reactive oxygen species which induce apoptosis. In addi-
tion, they suppress the mitochondrial activity of macrophages,
thus altering their inflammatory responses, affect the recruit-
ment of leukocytes and decrease the expression of intercellu-
lar adhesion molecules, induce enzymatic activity, DNA frag-
mentation, expression of growth factors and cytokines (5-9).

Theoretically, a 100% conversion of monomers to poly-
mers is possible, but usually 25-50% of methacrylate mono-
mer double-bonds remain unreacted and it is estimated
that 5-10% of the total amount of unreacted C=C bonds
are available for interaction with macromolecules in a bio-
logical system (3,10,11). Composite materials do not reach
the maximum degree of conversion immediately after light
curing (12,13). Moon et al,,(5) reported that a period of 7
days is needed for the degree of conversion of the materials
to reach maximum polymerization on both bottom and top
surfaces. Further, they concluded that the amount of mono-
mers leached from the same composite material differed in
regards to the type of the curing unit and the curing method.
In another study, Moon (14) shows that differences between
the amount of leached monomers and mechanical properties
occurred when the radiant energy emitted from the curing
units is lower than 17 J/cm®. In contrast, if the radiant energy
is higher than 17 J/em?, those differences disappear regard-
less of the irradiation programs and curing units used (15).

Recently, the pre-heating of composite materials before
their application in the oral cavity became an acceptable ap-
proach in order to obtain a higher degree of conversion and
better mechanical properties without negative effect on mar-
ginal seal (16,17). The use of pre-heated composite as a lut-
ing material for CAD/CAM restorations was also reported
(18-20).

Daronch et al. (17) reported that pre-heating the com-
posite up to 60 °C may improve the degree of conversion on
both, top and 2 mm deep surface. However, Froes-Salga-
do et al., (21) did not find any improvement in mechanical
properties and the degree of conversion of pre-heated com-
posite, but reported an improvement in composite adapta-
tion to cavity walls. Lohbauer et al. (22) indicated that pre-
heating of composite materials may have a negative effect on
the restoration margins because of the higher polymerization
shrinkage due to a higher degree of conversion.

Since the use of pre-heated composite materials as a lut-
ing material for CAD/CAM fabricated restorations are be-
coming more and more popular, it will be interesting to see
the impact of the light curing of heated composite through
CAD/CAM restoration on cytotoxiticy/ genotoxicity. There-
fore, the aim of this study was to assess cytotoxicity and geno-
toxicity of two different composite resins pre-heated at three
different temperatures and light-cured directly and through 2
mm thick CAD/CAM onlays. For that purpose, the follow-
ing null-hypotheses are formed:

1. Direct light-curing of composite resin exhibits similar cy-
totoxicity and genotoxicity as in specimens polymerized

through CAD/CAM overlays
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2. razlicite temperature zagrijavanja kompozita ne utje¢u na
citotoksi¢nost i genotoksi¢nost kompozitnog uzorka.

Materijali i postupci

Priprema uzoraka

Keramicki pojacan polimer (CRE, LAVA Ultimate, 3M
ESPE, St. Paul, MN, SAD) debljine 2 mm, boje A2 (velic¢ina
bloka 14; 14 x 14 x 18 mm) i litijeva disilikatna staklena kera-
mika (LDC, e.max CAD, Ivoclar Vivadent, Schaan, Lihten-
stajn) boje A2 (veli¢ina bloka 14; 14 x 12 x 17 mm), upotrije-
bljeni su kao overleji pri polimerizaciji kompozitnih uzoraka.
CRP i LDC blokovi izrezani su preciznom dijamantnom pi-
lom, uz vodeno hladenje. Veli¢ina overleja bila je 14 x 14 x 2
mm za CRP i 14 x 12 x 2 mm za LDC, zbog razlika u veli-
¢ini blokova. Nakon toga uzorci su polirani do visokog sjaja
(#600, #800, #1200 finoce). LDC uzorci premazani su gla-
zurom (Crystall/Glaze Spray; Ivoclar/Vivadent, Schaan, Lih-
tenstajn) prema uputama proizvodaca.

Koristena su dva razlicita kompozitna materijala — mikro-
hibridni kompozit (2100, 3M ESPE, St. Paul, MN, SAD)
i nanopunjeni kompozitni materijal (Filtek Supreme Ultra,
3M, ESPE). Sastav materijala upotrijebljenog u eksperimen-
tu prikazan je u tablici 1. Kompozitni materijali zagrijani su u
uredaju za zagrijavanje kompozita (Calset, AdDent Inc., Da-
nbury, CT, SAD) na trima razli¢itim temperaturama — 37 °C

(T1), 54 °C (T2), 68 °C (T3) prema uputama proizvodaca.

Tablica 1. Materijali koristeni u istrazivanju
Table1  Materials used in the study
Proizvodac ®

Materijal ® Material Manufacturer

LAVA Ultimate, 3M
ESPE, St. Paul, MN,
SAD ¢ USA

Keramikom poja¢an polimer ®
Ceramic-reinforced polymer

(CRP) CAD/CAM

Toxicity of Pre-heated Composite

2. Different pre-heating temperatures do not affect cytotox-
icity and genotoxicity

Materials and methods

Specimen Preparation

A two mm thick layer of a ceramic-reinforced poly-
mer (CRD, LAVA Ultimate, 3M ESPE, St. Paul, MN, USA)
CAD/CAM of shade A2 (block size 14; 14x14x18 mm) and
lithium disilicate glass-ceramic (LDC, e.max CAD, Ivoclar
Vivadent, Schaan, Liechtenstein) of shade A2 (block size
14; 14x12x17 mm), were used as overlays for light-curing of
composite samples. CRP and LDC blocks were sectioned us-
ing a water-cooled precision diamond saw. The overlay sam-
ple size was 14x14x2 mm for CRP and 14x12x2 mm for
LDC. Thereafter, the samples were metallurgically polished
to high gloss (#600, #800, #1200 grit). For LDC samples,
each sample was glazed (Crystall/Glaze Spray; Ivoclar/Viva-
dent, Schaan, Liechtenstein) according to the manufacturer
instructions.

Two different composite resins were used: a microhybrid
composite (2100, 3M ESPE, St. Paul, MN, USA) and a nano-
filled composite resin (Filtek Supreme Ultra, 3M ESPE). The
composition of these materials used in this study is given in
Table 1. The composite resins were pre-heated using a heating
unit (Calset, AdDent Inc., Danbury, CT, USA) at three differ-
ent temperatures: 37 °C (T1), 54 °C (T2), and 68 °C (T3) ac-

Sastav ® Composition

- kompozitna nanokeramika sadrzi otprilike 79 % (%w) nanokeramickih cestica
povezanih u smoli materijala ¢ resin nanoceramic containing approximately 79% (%ow)
nanoceramic particles bound in the resin matrix

- kombinacija neaglomeriranog / neagegiranog 20 nm silikatnog punila,
neaglomeriranog /neagregiranog 4-11 nm cirkonijeva punila i agregiranih punila
cirkonij/ nakupina silika (20 nm silike i 4-11 nm Cestice cirkonija) ® combination of
non-agglomerated/non-aggregated 20 nm silica filler, non-agglomerated/nonaggregated
4-11 nm zirconia filler, and aggregated zirconia/silica cluster filler (20 nm silica and
4-11 nm zirconia particles).

Litij disilikatna staklena keramika
Lithium disilicate glass-ceramic

(LDC), e.max CAD

Ivoclar Vivadent,
Schaan, Liechtenstein

- kvare, litijev dioksid, fosforov oksid, aluminij, kalijevi oksidi te druge komponente ®
quartz, lithium dioxide, phosphor oxide, aluminia, potassium oxide and other
components

3M ESPE, St. Paul, MN,

Z100 SAD * USA

pm

- mikrohibridna kompozitna smola ¢ microhybrid composite resin

- matriks; BIS-GMA i TEGDMA ¢ matrix: BIS-GMA and TEGDMA

- punilo cirkonija/silika, anorgansko punilo 66 %w, veli¢ina ¢estica od 3,5 do 0,01pm ©
filler: zirconia/silica; inorganic filler loading is 66% w, particle size range of 3.5 t0 0.01

- nanopunjeni kompozitni materijal * nanofilled composite resin
- 100 % nanopunilo, primarne ¢estice manje su od 100 nm ¢ 100% nanofiller, the
primary particles are below 100 nm

- smola: BisGMA, UDMA, TEGDMA, te bis-EMA ¢ resin: Bis-GMA, UDMA,

TEGDMA, and bis-EMA
- punilo: kombinacija neaglomeriranog/ne-agregiranog 20 nm silika punila, ne-

S%DE.S%ES’:I Paul, MN, aglomeriranog/neagregiranog 4-11 nm cirkonijeva punila te cirkonij/silika punilo (20
nm silika, 4-11nm Cestice cirkonija). © fillers: combination of non-agglomerated/non-
aggregated 20 nm silica filler, non-agglomerated/non-aggregated 4 to 11 nm zirconia
filler, and aggregated zirconia/silica cluster filler (20 nm silica and 4 to 11 nm zirconia
particles)

- anorgansko punilo 78,5 % w, (63,3 % vol.) * inorganic filler loading is 78.5% w
(63.3% vol)

Filtek Supreme Ultra
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Potrebno je oko deset minuta da bi se postigla zeljena tempe-
ratura i da bi kompozit bio spreman uz uporabu.

Uzorci za ispitivanje cito-/genotoksi¢nosti pripremljeni su
na sljede¢i nacin: kalup promjera 6 mm i debljine 0,65 mm
pozicioniran je na okrugli disk od plemenitog ¢elika (promje-
ra 6 mm, debljine 5 mm) i prekriven Mylar folijom. Nakon
toga kalup je oprezno ispunjen nepolimeriziranim kompozit-
nim materijalom, izbjegavajuéi inkorporaciju mjehuric¢a zra-
ka. Uzorci kompozitnog materijala prekriveni su Mylar foli-
jom i spresani s pomocu drugog diska od plemenitog ¢elika
(promjera 6 mm, debljine 5 mm) kako bi se dobila homoge-
na debljina kompozitnog uzorka (0,65 mm). Disk od pleme-
nitog celika nakon toga je uklonjen, a Mylar folija ostavljena
je na uzorku kako bi se sprijecilo stvaranje sloja inhibiranog
kisikom na povrsini polimeriziranoga kompozitnog materija-
la. Svi uzorci kompozitnog materijala polimerizirani su 40 se-
kunda diodnim uredajem (LED) (Bluephase G2, Vivadent,
Schaan, Lihtenstajn) uporabom programa visokog intenzite-
ta (1180 mW/cm?). Primijenjena su tri nacina osvjetljava-
nja — (1) izravno osvjetljavanje, (2) osvjetljavanje preko CRP
CAD/CAM overleja i (3) osvjetljavanje preko LDC overleja.
Nakon polimerizacije, Mylar folija je uklonjena te su uzorci
uronjeni u kulturu stanica.

Za pripremu nepolimeriziranih uzoraka koristeno je 0,06
g kompozitnog materijala i uronjeno izravno u stani¢nu kul-
turu.

Kultura ljudskih limfocita izoliranih iz periferne krvi

Ovu studiju odobrilo je Eticko povjerenstvo Stomatolos-
kog fakulteta u Zagrebu, Hrvatska. Kultura primarnih limfo-
cita dobivena je od izoliranih limfocita 39-godisnjeg muskar-
ca, nepusaca, bez kronicne ili akutne bolesti u anamnezi. U
istrazivanju je koristen model jednog donora (engl. single do-
nor approach) da bi se izbjegle moguée interindividualne ra-
zlike u odgovoru na tretman. Prije nego $to je uzet uzorak kr-
vi, donor je bio obavijesten o postupku i svrsi uzimanja krvi
te o svrsi testiranja uzetog uzorka krvi.

Venska krv izvadena je sterilnim priborom za jednokrat-
nu upotrebu u heparinizirani spremnik (Becton Dickinson,
UK). Odmah je obavljena izolacija limfocita, u skladu s po-
stupkom opisanim u studiji Kopjara i suradnika (23). Sus-
penzija izoliranih limfocita podijeljena je na manje volumene
koji su premjesteni u sterilne epruvete (Nange Nunc Int, Na-
perville, IL, SAD) napunjene hranjivim medijem za stani¢ne
kulture RPMI 1640 (Gibco Invitrogen, UK) kako bi se posti-
gla gustoca od 50 000 limfocita po kulturi. Ukupni volumen
tako pripremljenih kultura iznosio je 7 ml.

Svaki testirani materijal (0,06 g), polimerizirani i nepoli-
merizirani, stavljen je u limfocitnu kulturu i drzan 24 sata u
inkubatoru za uzgoj stani¢nih kultura (Heraeus Hera Cell 240
Incubator, Langenselbold, Njemacka) na temperaturi od 37 °C
i 5% CO,. Nakon 24 sata kulture su pet minuta centrifugi-
rane na 300 g Supernatant je uklonjen, a talog koji sadrzava
limfocite pazljivo je resuspendiran i koristen za daljnju analizu.

Toksicnost prethodno zagrijanih kompozita .

cording to the manufacturer instructions. A tray placed on the
top of the heater contains slots to place the composite com-
pules. In approximately 10 minutes the desired temperature is
reached and the composite is ready to use.

The samples for cyto-/genotoxicity testing were prepared
as follows: A mold of 6 mm in diameter and 0.65 mm in
thickness was positioned on a round stainless steel disc (di-
ameter 6 mm, thickness 5 mm), which was covered with a
clear Mylar matrix. The mold was then carefully filled with
the uncured composite material ensuring that no air bub-
bles were left. The composite specimens were covered with
another Mylar sheet and pressed with another round stain-
less steel disc (diameter 6 mm, thickness 5 mm) to obtain a
homogenous thickness of the composite sample (0.65 mm).
The stainless steel disc was removed and Mylar matrix re-
mained on the sample to prevent formation of the oxygen-
inhibited layer on the surface of polymerized composite ma-
terial. All tested composite resin samples were polymerized
with a light-emitting diode (LED) light curing unit (Blue-
phase G2, Vivadent, Schaan, Liechtenstein) using high in-
tensity mode (1180 mW/cm?) for 40 sec. Three light-curing
procedures were used: (1) direct curing; (2) curing through
CAD/CAM CRP overlay, and (3) curing through LDC over-
lay. Once the light-curing was completed, the specimens were
removed from the mold and introduced into cell cultures.

For the preparation of unpolymerized sample, 0.06 g of
the composite material was taken and introduced directly in-
to the cell culture.

Primary lymphocyte cultures

This study was approved by the Ethical Committee,
School of Dental Medicine, University of Zagreb, Croatia.
Primary lymphocyte cultures were set from the cells of a sin-
gle donor, 39 year old male, non-smoker, with no medical re-
cords of chronic or acute adverse health conditions. To over-
come possible inter-individual differences in response to the
treatment we applied a single donor sampling approach. Pri-
or to blood sampling, the donor was acquainted with the pro-
cedure, purpose of blood donation, and aims of the testing
the blood is to be used for.

Blood was collected by antecubital venipucture in hep-
arinized vacutainers (Becton Dickinson, UK). Lymphocytes
were isolated as described previously by Kopjar et al. (23).
Following the isolation, 50,000 lymphocytes were seeded in
sterile tubes (Nange Nunc Int, Naperville, IL, USA) in RP-
MI 1640 culture medium (Gibco Invitrogen, UK), with a fi-
nal culture volume to be 7 ml.

Each tested material (0.06 g), both in unpolymerized and
polymerized form, was placed in the lymphocyte culture.
Treatments lasted for 24 h at 37 °C in 5 % CO, atmosphere
(Heraeus Hera Cell 240 incubator, Langenselbold, Germa-
ny). Following the 24 h of treatment, cultures were centri-
fuged at 300 g, 5 min. Supernatant was removed and pellet
containing the lymphocytes was resuspended and used for
further analyses.
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Kvantitativna fluorescencijska metoda za procjenu

prezivljenja stanica, apoptoze i nekroze

Prezivljenje limfocita izoliranih iz periferne krvi izmjere-
no je metodom istodobnog bojenja dvjema fluorescencijskim
bojama (24). Nakon bojenja etidijevim bromidom i akridin-
skom naran¢astom bojom na osnovi morfoloskih obiljezja,
moze se pod fluorescencijskim mikroskopom razlikovati zive
stanice (stanice s ¢jelovitom plazmatskom membranom) i mr-
tve stanice (stanice s o$teenom plazmatskom membranom).

Za bojenje je koriStena mjesavina etidijeva bromida (100
pg/ml) i akridinske narancaste boje (100 pg/ml) (Sigma-Al-
drich, SAD) u jednakim volumnim omjerima (1 : 1; v/v). Iz
svake limfocitne kulture mikropipetom je odmjereno 20 pl
suspenzije stanica i prebaceno na predmetno mikroskopsko
staklo. Na suspenziju stanica pazljivo je pipetirana mjesavi-
na fluorescencijskih boja, uzorak je pokriven pokrovnim sta-
kalcem i odmah analiziran fluorescencijskim mikroskopom
(Olympus BX; povecanje 400 x). Za svaki uzorak ucinjena
su tri uzastopna testa te je ukupno pregledano 300 stanica po
uzorku. Usporedno s testiranim uzorcima, u istim je uvjetima
drzan i kontrolni uzorak, tj. netretirana limfocitna kultura.
Kvantitativna procjena odredivala se prema postotku zivih,
apoptoti¢nih i nekroti¢nih stanica. Kako zive stanice u svo-
ju DNA-u ne ugraduju etidijev bromid, jezgra im je nakon
dvojnog bojenja pod fluorescencijskim mikroskopom zelena.
Mrtve nekroti¢ne stanice imaju narancast do crveno obojen
kromatin, a apoptoti¢ne imaju izrazito zelenu i visoko kon-
denziranu ili fragmentiranu jezgru.

Komet-test u alkalnim uvjetima

Za pripremu mikrogelova agaroze koristenih u komet-te-
stu, 10 pl limfocitne suspenzije pomijesano je sa 100 pl 5-po-
stotne agaroze niskog taliSta (37 °C; Sigma-Aldrich, MO,
SAD). Dobivena suspenzija pipetirana je na pripremljena mi-
kroskopska stakla premazana slojem agaroze normalne tem-
perature talista (Sigma-Aldrich, MO, SAD) te pokrivena po-
krovnim stakalcem. Gelovi su 10 minuta drzani na ledu radi
polimeriziranja. Nakon toga su pazljivo uklonjene pokrovni-
ce, a mikrogelovi uronjeni u pufer za lizu (2,5 M NaCl, 0,1
M Na2EDTA, 10 mM Tris-HCL, 1 % N-lauroil sarkozin,
10 % DMSO, 1 % Triton X-100; Sigma-Aldrich, MO, SAD;
pH 10) na 4 °C. Zatim su mikrogelovi 20 minuta denaturi-
rani u puferu za denaturaciju i elektroforezu (1 mM Na ED-
TA, 300 mM NaOH; Sigma-Alrich, MO, SAD; pH > 13),
te podvrgnuti elektroforezi u istom puferu. Elektroforeza je
trajala 20 minuta na 0,7 V/cm. Analiza preparata provede-
na je pod epifluorescencijskim mikroskopom Olympus BX
51 (Olympus, Japan) povezanim sa sustavom za analizu slike
Comet Assay IV (Perceptive Instruments, UK). Za svaki uzo-
rak izmjereno je ukupno 50 kometa po tretmanu, na dva pa-
ralelna preparata. Kao parametri za procjenu o$te¢enja DNA-
e koristeni su duzina repa kometa (izrazena u pm) i intenzitet
repa kometa (% DNA-e u repu), prezentirani srednjom vri-
jednos¢u, medijanom i standardnom devijacijom dvaju neo-
visnih mjerenja.

Kako bi se pripremila pozitivna kontrola, uzorak netreti-
ranih limfocita prije uranjanja u pufer za lizu tretiran je 10
minuta na ledu sa 60 ul ImM H,O,.

Toxicity of Pre-heated Composite

Quantitative fluorescent assay for the assessment

of cell viability, apoptosis and necrosis

The viability of peripheral blood lymphocytes was as-
sessed using a dye exclusion method (24). In this assay, vi-
able (intact plasma membrane) and dead (damaged plasma
membrane) cells can be visualized after simultaneous staining
with the fluorescent DNA-binding dyes ethidium bromide
and acridine orange.

A mixture of ethidium bromide and acridine orange
(Sigma-Aldrich, USA) in final concentrations of 100 pg/ml
(1:1; v/v) was gently pippeted onto the lymphocyte suspen-
sion (V=20 pL) placed on a microscope slide, covered with
a coverslip and immediately analyzed under a fluorescence
microscope (Olympus BX; 400 x magnification). Three tests
with aliquots of the same sample were performed and a to-
tal of 300 cells per sample were counted. Control, untreated
lymphocyte culture was studied in parallel. Quantitative as-
sessments were made by the determination of the percentage
of viable, apoptotic and necrotic cells. Viable cells excluded
ethidium bromide and the appearance of their nuclei with an
intact structure was bright green. Non-viable necrotic cells
had orange to red colored chromatin with organized struc-
ture while apoptotic cells were bright green with highly con-
densed or fragmented nuclei.

Alkaline comet assay

Ten pl of lymphocyte resuspension was mixed with 100
pl of 5 % low melting point agarose (37 °C; Sigma-Aldrich,
MO, USA) and placed onto normal melting point (Sigma-—
Aldrich, MO, USA) precoated microscope slides, covered
with a slip cover, and let to polymerize. Slides were immersed
into lysis buffer (2.5 M NaCl, 0.1 M Na EDTA, 10 mM
Tris—HCl, 1% N-lauroylsarcosine, 10% DMSO, 1% Tri-
ton X-100; Sigma-Aldrich, MO, USA; pH 10) for 20 min
at 4 °C. Slides were denaturated in buffer (I mM Na EDTA,
300 mM NaOH; Sigma-Aldrich, MO, USA; pH > 13 for 20
min) and subjected to electrophoresis using a buffer of the
same composition as the one used for denaturation. Electro-
phoresis lasted for 20 min at 0.7 V/cm. Slides were analysed
under epifluorescent microscope Olympus BX 51 (Olympus,
Japan) connected to Comet Assay IV analysis system (Per-
ceptive Instruments, UK). A total of 50 comets per treat-
ment were scored in duplicate. Results are expressed using
tail length (um) and tail intensity (% of DNA in comet tail)
and presented as mean and median and S.D. of two scorings.

Prior to immersion in lysis buffer, as the positive con-
trol, slides obtained from untreated lymphocyte cultures were
treated with 60 pl of 1 mM H O, for 10 min placed on ice.
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Statisticka analiza

Procjena statisticke znacajnosti rezultata dobivenih za
prezivljenje stanica, apoptozu i nekrozu udinjena je upora-
bom Pearsonova hi-kvadrat testa. Podatci dobiveni komet-
testom najprije su obradeni primjenom deskriptivne statisti-
ke (Microsoft Excel). Detaljnija statisticka analiza obavljena
je statistickim softverom (Statistica 10, StartSoft, OK, SAD).
Da bi se postigla normalna raspodjela, podatci su najprije lo-
garitmirani (25), a zatim je primijenjena analiza varijance

(ANOVA) uz Tukey post hoc test (a < 0,05).

Rezultati

Mikrohibridni kompozit Z100

Rezultati kvantitativnog flourescencijskog testa za isto-
dobnu identifikaciju apoptoti¢nih i nekroti¢nih limfocita u
kulturama inkubiranima sa Z100, prikazani su u tablici 2.
Nakon 24 sata inkubacije s nepolimeriziranim 2100, usta-
novljeno je 88,7 + 2,1 % zivih limfocita, a u negativnoj kon-

Toksi¢nost prethodno zagrijanih kompozita .

Statistical analysis

Comparisons between the values observed for cell viabili-
ty, apoptosis, and necrosis were performed by Pearson’s c*-test
for two-by-two contingency tables. The data acquired by al-
kaline comet assay were first evaluated using descriptive sta-
tistics (Microsoft Excel). More detailed statistical analysis was
performed with the statistical software (Statistica 10, Stat-
Soft, OK, USA). The data were first transformed by applying
log transformation to normalize the distribution (25). A one-
way analysis of variance (ANOVA) was computed, followed
by a Tukey post hoc test (o < 0.05).

Results

Microhybrid Composite: Z100

Results of the quantitative fluorescent assay for simulta-
neous identification of apoptotic and necrotic cells in lym-
phocyte samples incubated with Z100 are reported in Table
2. After 24 h of incubation with unpolymerized Z100 there
were 88.7+2.1 % viable lymphocytes, while in the negative

Tablica 2. Rezultati kvantitativnog flourescencijskog testa za istodobnu identifikaciju apoptoticnih i nekroti¢nih limfocita u uzorcima
izloZzenima nepolimeriziranom i polimeriziranom kompozitnom materijalu Z100 te u negativnoj kontroli; polimerizacija materijala
zagrijanog na temperaturama T1-T3 (37 °C, 54 °C, 68 °C) iznosila je 40 sekunda preko overleja (CRP i LDC) ili izravno

Table2  Results of the quantitative fluorescent assay for simultaneous identification of apoptotic and necrotic cells in lymphocyte samples
exposed to unpolymerized and polymerized Z100 material as well as in the negative control. Light-curing of material preheated at
temperatures T1-T3 (37 oC, 54 oC, and 68 oC) lasted for 40 seconds, through overlays (CRP and LDC) or directly.

<. . Statisticki znacajno u Statisticki znacajno u Statisticki znacajno u
.. . Zive stanice ® . Apoptoza . Nekroza ¢ .
Materijal ® Material " usporedbi uzorkom ¢ . usporedbi s uzorkom ¢ . usporedbi s uzorkom ¢
Viable cells . . . Apoptosis . . ot Necrosis . . -
7100 Statistically significant Statistically significant Statistically significant
(%) (%) (%)
compared to compared to compared to

Nepolimeriziran * 88.742.1 NC 6.342.1 NC 5.0£0.0 NC

Unpolymerized

Osvjetljavan preko CRP-a—T1 ¢ )

Light cared - chrough CRP _T1 | 923221 NC 1.7:2.1 UN 6.0£1.0 NC; DIR-T1

Osvjetljavan preko CRP-a-T2 ¢ )

Light-cured  through CRP — T2 84.7+1.5 | NC,T1,T3; LDC-T2 | 5.7+2.1 NC, T1 9.7+0.6 NC

Osvjetljavan preko CRP-a— T3 ¢

Light-cured - through CRP — T3 91.0£1.0 NC 5.3%1.5 NC, T1 3.7+0.6 NC

Osvjetljavan preko LDC-a-T1 ¢ )

Light-cured - through LDC — T1 91.7£0.6 NC 3.0£1.0 - 5.30.6 NGC; DIR-T1

Osvijetljavan preko LDC-a -T2 ¢

Light-cured — through LDC — T2 91.3£1.5 NC 3.0£1.0 - 5.7¢1.2 NC

Osvjetljavan preko LDC-a-T3 ©

Light-cured - through LDC — T3 90.7+3.1 NC 5.33.2 NC 4.0+1.7 NC

Osvjetljavan direktno — T1 © )

Light-cured - directly T1 93.7+0.6 NC,UN 5.340.6 NC; CRP-T1 1.0£0.0 UN

Osvjetljavan direktno — T2 ¢ ) ;

Light-cured — directly T2 85.7+1.5 NC, T1; LDC-T2 8.7+0.6 NC; LDC-T2 5.7¢1.2 NC, T1, T3

Osvjetljavan direktno — T3 © NC, T1; CRP-T3,

Light cared - dircctly T3 88.343.1 NC, T1 10.043.6 IDCT3 1.7:2.1 UN

Negativna kontrola » 97.740.6 1.740.6 0.6£0.6

Negative control

Biljeska * Note

Analizirano je 300 stanica po uzorku i svakoj ispitivanoj stavki.

Statisticka znacajnost rezultata procijenjena je %2 testom. Statisticki znacajne razlike (p < 0,5) prikazane su u tablici; NC-vs. negativna kontrola; UN
vs. nepolimerizirani materijal; T1 vs. uzorak eksponiran istom materijalu, zagrijan na T1; T2 vs. uzorak eksponiran istom polimeriziranom materijalu,
zagrijan na T2; T3 vs. uzorak izlozen istom polimerizacijskom materijalu, zagrijan na T3.

300 cells per sample per each experimental point were analysed.

Statistical significance of data was evaluated using ¥ test. Significant differences (P<0.05) are indicated in the table; NC — vs. negative control; UN — vs.
unpolymerized material; T1 — vs. sample exposed to the same polymerized material, preheated at T1; T2 — vs. sample exposed to the same polymerized
material, preheated at T2; T3 — vs. sample exposed to the same polymerized material, preheated at T3.
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troli njihov je udjel iznosio 97,7 + 0,6 % (p < 0,0001). Cito-
toksi¢nost kompozita Z100 zagrijanog na T'1 bila je manja u
usporedbi s nepolimeriziranim uzorkom, bez obzira na nac¢in
polimerizacije (izravni, preko CRP-a ili LDC ovetleja). Stati-
sti¢ki znacajna razlika utvrdena je izmedu nepolimeriziranog
i izravno osvijetljenog uzorka Z100 (p = 0,0309). Najbolji
rezultati s najve¢im udjelom Zivih stanica, uoceni su nakon
zagrijavanja na temperaturi T1 — 93,7 + 0,6 % Zivih stanica
pri direktnom osvjetljavanju; 92,3 + 2,1 % zivih stanica pri
osvjetljavanju preko CRP-a; te 91,7 + 0,6 % pri osvjetljava-
nju preko LDC CAD/CAM overleja (tablica 2.). U negativ-
noj kontroli i nepolimeriziranom Z100, u¢estalost apoptoti¢-
nih limfocita bila je nesto visa negoli nekroti¢nih lifmfocita.
Apoptoza dominira u usporedbi s nekrozom samo u uzorci-
ma 2100 osvijetljenima izravnim postupkom, bez obzira na
temperature prethodnog zagrijavanja uzorka. Porast tempera-
ture zagrijavanja nije znacajno utjecao na ucestalost nekroze u
testiranim uzorcima.

Nanopunjeni kompozit Filtek Supreme Ultra

Rezultati kvantitativnog flourescencijskog testa za isto-
dobnu identifikaciju apoptoti¢nih i nekroti¢nih limfocita u
uzorcima inkubiranima kompozitom Filtek Supreme Ultra
nalaze se u tablici 3. Nakon 24 sata inkubacije s nepolime-
riziranim kompozitom Filtek Spureme Ultra ustanovljeno je
89,7 £ 2,1 % zivih limfocita, a u negativnoj kontroli preziv-
ljenje je iznosilo 97,7 + 0,6 % (p < 0,0001). Citotoksi¢nost
polimeriziranog materijala, bez obzira na postupak osvjetlja-
vanja (izravan, preko CAD/CAM CRP-a ili LDC overleja) i
temperaturu zagrijavanja, u svim slu¢ajevima je znacajno ve-
¢a u usporedbi s negativnom kontrolom (p < 0,01). Iako je
uocena vrlo mala razlika u postotku Zivih stanica u uzorcima
zagrijanima na tri razli¢ite temperature i razli¢itim nac¢inima
osvjetljavanja, ni jedna od njih nije statisticki znacajna u us-
poredbi s nepolimeriziranim uzorkom.

Zagrijavanje na T1 rezultiralo je najveéim postotkom
zivih stanica u uzorku koji je osvijetljen preko 2 mm LDC
CAD/CAM overleja (90,3 + 1,5 %). Nesto nize prezivljenje
limfocita uoéeno je nakon osvjetljavanja preko CRP CAD/
CAM overleja (86,7 + 1,5 %), a najnize je zabiljezeno na-
kon izravnog osvjetljavanja uzorka (84,7 + 3,2%). U uzorci-
ma negativne kontrole i nepolimeriziranog kompozita Filtek
Supreme Ultra, uocena je nesto ve¢a ucestalost apopototi¢-
nih limfocita u odnosu na nekroti¢ne. Apoptoza predomini-
ra u odnosu prema nekrozi u gotovo svim polimeriziranim
uzorcima, bez obzira na temperaturu njihova zagrijavanja.
Najniza ucestalost apoptoze uocena je nakon zagrijavanja na
T2; s najboljim rezultatima na uzorcima osvijetljenima pre-
ko LDC CAD/CAM overleja (4,7 + 0,6 % limfocita u apop-
tozi). Porast temperature zagrijavanja u veéini uzoraka nije
znacajno utjecao na pojavnost nekroze u usporedbi s nepo-
limeriziranim materijalom. No u gotovo svim uzorcima po-
stotak nekroti¢nih stanica bio je znacajno ve¢i negoli u nega-
tivnoj kontroli.

Toxicity of Pre-heated Composite

control lymphocyte viability was 97.7+0.6 % (P<0.0001).
Cytotoxicity of the Z100 subjected to Tlsec preheating was
generally lower when compared with that of the unpolymer-
ized Z100, irrespective of the light-curing procedure (direct,
through CRP or LDC). Statistically significant differences
were found between unpolymerized and directly light-cured
2100 (P=0.0309). The best results with the highest percent-
ages of viable cells were observed for T1 preheating: 93.7:0.6
% of viable cells after direct light-curing; 92.3+2.1 % of vi-
able cells after light-curingthrough CRP, and 91.7+0.6 %
of viable cells after light-curing through LDC CAD/CAM
overlay (Table 2). In the negative control and unpolymerized
2100 the frequency of apoptotic lymphocytes was slightly
higher than the frequency of necrotic lymphocytes. Apopto-
sis predominated over necrosis only in samples of Z100 pre-
pared with direct light-curing regardless of the temperature
applied for preheating. Increase of preheating temperature
did not significantly influence the frequency of necrosis in
tested samples. The only significant differences were found at
T1, where in directly light-cured sample the lowest percent-
age of necrotic cells was found.

Nanofilled Composite: FILTEK SUPREME ULTRA

Results of the quantitative fluorescent assay for the simul-
taneous identification of apoptotic and necrotic cells in lym-
phocyte samples incubated with Filtek Supreme Ultra are
reported in Table 3. After 24 hours of incubation with un-
polymerized Filtek Supreme Ultra there were 89.7+2.1 % vi-
able lymphocytes, while in the negative control lymphocyte
viability was 97.7+0.6 % (P<0.0001). Cytotoxicity of the po-
lymerized material, regardless of the light-curing procedure
(direct, through 2 mm thick CRP CAD/CAM overlay and
through 2 mm thick LDC CAD/CAM overlay) and tem-
peratures of preheating, in all cases was significantly higher
compared with the negative control (P<0.01). Although the
minor differences in the percentages of viable cells between
samples preheated at three temperatures using different light-
curing procedures were observed, none of them was statisti-
cally significant compared to unpolymerized material.

Preheating at T1 resulted with the highest percentage of
viable cells in sample which was overlayed with 2 mm thick
LDC CAD/CAM overlay: 90.3£1.5 %. Slightly lower viabil-
ity was observed after light-curing through 2 mm thick CRP
CAD/CAM overlay (86.7+1.5 %), while the lowest lympho-
cyte viability (84.7+3.2 %) was observed after direct light-cur-
ing. In the negative control and unpolymerized Filtek Supreme
Ultra, the frequency of apoptotic lymphocytes was slightly
higher than the frequency of necrotic lymphocytes. Apopto-
sis predominated over necrosis in almost all polymerized sam-
ples, regardless of the temperature applied for preheating. The
lowest frequency of apoptosis was observed after preheating at
T2; with the best result in sample light-cured through 2 mm
thick LDC CAD/CAM overlay (4.7+0.6 % of apoptotic cells).
An increase of preheating the temperature in a majority of the
tested samples did not significantly influence the frequency of
necrosis, as compared to unpolymerized material. However, in
almost all samples, the percentages of necrotic cells were signif-
icantly higher than in the negative control.
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Tablica 3. Rezultati kvantitativnog flourescencijskog testa za istodobnu identifikaciju apoptoti¢nih i nekroticnih limfocita u uzorcima
izlozenima nepolimeriziranom i polimeriziranom kompozitnom materijalu Filtek Supreme Ultra te u negativnoj kontroli;
polimerizacija materijala zagrijanog na temperaturama T1-T3 (37 °C, 54 °C, 68 °C) iznosila je 40 sekunda preko overleja (CRP i LDC)

ili izravno
Table 3  Results of the quantitative fluorescent assay for simultaneous identification of apoptotic and necrotic cells in lymphocyte samples
exposed to unpolymerized and polymerized Filtek Supreme Ultra material as well as in the negative control. Light-curing of material
preheated at temperatures T1-T3 (37 oC, 54 oC, and 68 oC) lasted for 40 seconds, through overlays (CRP and LDC) or directly.
o, . Statisticki znacajno u Statisticki znacajno u Statisticki znacajno u
Materii . Zive stanice ® . Apoptoza ® . Nekroza ¢ 5
aterijal ® Material . usporedbi uzorkom ¢ . usporedbi s uzorkom © . usporedbi s uzorkom ¢
. Viable cells . . .. Apoptosis . . S Necrosis . . .
Filtek Supreme Ultra (%) Statistically significant (%) Statistically significant (%) Statistically significant
’ compared to ° compared to ° compared to
Nepolimeriziran * 89.7:2.1 NC 5.7:12 NC 47:15 NC
Unpolymerized
Osvjetljavan preko CRP-a—T1 ¢
Light-cared - chrough CRP _T1 | 867513 NC 7.0£2.0 NC 63£1.5 NC
Osvjetljavan preko CRP-a— T2 ¢
Light-cured — through CRP — T2 91.0£3.6 NC 5.0£2.0 NC 4.0£2.6 NC
Osvjetljavan preko CRP-a—T3 ¢
Light-cared - through CRD _ 73 | 890200 NC 7.0£1.0 NC 4.0£1.0 NC
Osvjetljavan preko LDC-a—T1 ¢
Light-cured — through LDC - T1 90.3+1.5 NC 5.0£1.7 NC 4.7£1.2 NC
Osvjetljavan preko LDC-a—T2 ¢ )
Light-cared - through LDC - T2 | 880410 NC 4.7+0.6 NC 73¢1.2 NC: T3
Osvijetljavan preko LDC-a - T3 ¢
Light-cared - throagh LDC 13| 207232 NC 7.0£2.6 NC 23112 .
Osvjetljavan direktno — T1 © _ :
Light-cured — directly T1 84.7+3.2 NG; LDC-T1 9.3+3.1 NG; LDC-T1 6.0+1.7 NC
Osvjetljavan direktno — T2 ©
Light cured - dircctly T2 88.7+3.1 NC 6.0£2.0 NC 53+1.2 NC
Osvjetljavan direktno — T3 © )
Light-cured - directly T3 85.7+1.2 NC 8.0£1.7 NC 6.3+2.9 NG; LDC-T3
Negativna kontrola * 97.7+0.6 1.7:0.6 0.6:0.6
Negative control
Biljeska * Note

Analizirano je 300 stanica po uzorku i svakoj ispitivanoj stavki.

Statisticka znacajnost rezultata procijenjena je %2 testom. Statisticki znacajne razlike (p < 0,05) prikazane su u tablici; NC-vs. negativna kontrola; UN
vs. nepolimerizirani materijal; T1 vs. uzorak eksponiran istom materijalu, zagrijan na T1; T2 vs. uzorak eksponiran istom polimeriziranom materijalu,
zagrijan na T2; T3 vs. uzorak izlozen istom polimerizacijskom materijalu, zagrijan na T3.

300 cells per sample per each experimental point were analysed.

Statistical significance of data was evaluated using ¥ test. Significant differences (P<0.05) are indicated in the table; NC — vs. negative control; UN — vs.
unpolymerized material; T1 — vs. sample exposed to the same polymerized material, preheated at T1; T2 — vs. sample exposed to the same polymerized
material, preheated at T2; T3 — vs. sample exposed to the same polymerized material, preheated at T3.

Komet-test u alkalnim uvjetima

Rezultati komet-testa u alkalnim uvjetima, primijenjenog
za mjerenje razine primarnog o$te¢enja DNA-e, prikazani su
za parametar duzina repa kometa u tablici 4. te za parametar
intenzitet repa kometa u tablici 5. Uzimajuéi u obzir izmje-
rene vrijednosti obaju parametara komet-testa, uoceno je da
i 2100 i Filtek Supreme Ultra u nepolimeriziranom obliku
znacajno pridonose stvaranju primarnih o$te¢enja u DNA-i
u usporedbi s kontrolnom skupinom. No udinak nepolime-
riziranih uzoraka znacajno je izrazeniji kod Z100 negoli kod
Filtek Supreme Ultra.

Uzimajuéi u obzir indirektnu polimerizaciju 2100, iz-
mjerene vrijednosti intenziteta repa nisu statisticki znacajno
odstupale s obzirom na temperaturu zagrijavanja i postupak
osvjetljavanja (tablica 5.). No duZina repa kometa znacajno
je smanjena nakon $to je materijal zagrijan na 68 °C (T3).
Osvjetljavanje preko CRP CAD/CAM overleja potaknulo je
nesto manju migraciju DNA-e u usporedbi s osvjetljavanjem
preko LDC overleja. Statisticki znacajna razlika zabiljezena je

Alkaline comet assay

Results of the alkaline comet assay were used to evaluate
primary damage to DNA are presented as a tail length pa-
rameter in Table 4 and tail intensity in Table 5. Considering
both comet assay parameters, Z100 and Filtek Supreme Ultra
in unpolymerized form significantly elevated primary lesions
in DNA compared to the control. However, the effect of un-
polymerized Z100 is significantly more pronounced than the
one of Filtek Supreme Ultra.

Considering the indirect polymerization of Z100, tail in-
tensity did not significantly differ in regards to the preheat-
ing temperature and polymerization-barrier used (Table 5).
However, the tail length was significantly decreased when the
material was preheated at 68 °C (T3). Further, light-curing
through the CRP CAD/CAM overlay induced slightly low-
er DNA migration compared to light-curing through LDC
CAD/CAM overlay. Statistically significant differences were
recorded when temperatures of 54 °C (T2) were used in pre-

heating (Table 4).



. Knezevic et al. Toxicity of Pre-heated Composite  |PAKI

Tablica 4. Rezultati komet-testa u alkalnim uvjetima za procjenu genotoksi¢nosti kompozitnih materijala s obzirom na temperaturu koristenu
za zagrijavanje materijala i vrstu polimerizacije, primarno ostecenje DNA-e izraZeno je kroz parametar duzine repa kometa (u
mikrometrima)

Table 4  Results of genotoxicity evaluation of composite materials in regards to temperature used to preheat material and type of
polymerization-through barrier by applying alkaline comet assay. Primary damage to DNA is expressed in terms of tail length

parameter.
Duzi o Tail | /
Materii SN Lo quna repa* Taillength / pm Statisticki znacajno u usporedbi s
aterijal ©  Polimerizacijski postupak ®  Zagrijavanje Srednja Medijan » uzorkom
Material Polymerization procedure Preheating vl-ij;ddnost o Median S.D. S e el
ean
Nepolimerizirani » / 3245 32.08 797 |INC
Unpolymerized
Polimerizacija preko CRP CAD/ | T1 28.26 25.83 7.77 NC,Un
CAM overleja ¢ T2 26.70 25.00 500 |NCUn
Polymerization through CRP
CAD/CAM overlay T3 24.53 23.54 4.38 NC,Un,T1,T2
7100 Polimerizacija preko LDC T1 28.53 26.67 7.51 NC,Un
CAD/CAM overleja * T2 29.48 28.33 447 |NC,Un,Co
Polymerization through LDC
CAD/CAM overlay T3 25.28 23.75 4.71 NC,UH,TLTZ
- Hetisac T1 25.82 24.17 4.21 NC,Un,CoT1,CeT1,CeT2
Direkina polimerizacija T2 27.27 24.38 633 |NC,Un,CoT3
Directly polymerized
T3 30.03 30.42 6.99 NC,T1,T2,CoT2,CoT3,CeT3
Nepolimerizirani » / 28.77 26.25 641  |NCZ100
Unpolymerized
Polimerizacija preko CRP CAD/ | T1 28.03 25.21 6.43 NC
CAM overleja * T2 26.38 24.79 571 |NC,Un
Polymerization through CRP
Filtek CAD/CAM overlay T3 27.92 26.46 6.69 NC,Z100
Supreme Polimerizacija preko LDC Tl 28.57 27.08 4.65 NC
Ultra CAD/CAM overleja ¢ T2 26.80 25.42 409 |NCZ100
Polymerization through LDC
CAD/CAM overlay T3 25.13 23.33 5.96 NC,Un,T1, CoT3
ek et T1 26.84 25.42 7.43 NC
Direkena polimerizacija * T2 26.12 24.38 631 |NCUn
Directly polymerized
T3 30.17 28.33 6.33 NC,T1,T2,CoT2,CoT3,CeT2,CeT3
Negativna kontrola ® Negative control 22.66 22.08 3.28
Pozitivna kontrola ImM H O, 10 min ¢
Positive control 1mM Hz()i 16 min 52.29 51.30 1183 INC

NC - statisticki znacajno u usporedbi s negativnom kontrolom ¢ statistically significant compared to the negative control

Un - statisticki znacajno u usporedbi s rezultatima za nepolimerizirani oblik materijala ® statistically significant compared to the results for
unpolymerized form of the material of concern

7100 - statisticki znacajno u usporedbi s rezultatima za Z100 s obzirom na polimerizacijski oblik * statistically significant compared to the results for
7100 in the state and polymerization mode of concern

Co - statisticki znacajno u usporedbi s rezultatima za polimerizaciju preko CRP-a e statistically significant compared to the results for polymerization
through CRP CAD/CAM overlay of the material of concern

Ce - statisticki znacajno u usporedbi s rezultatima za polimerizaciju preko LDC CAD/CAM-a s obzirom na materijal ® statistically significant compared
to the results for polymerization through LDC CAD/CAM overlay of the material of concern

T1 - statisticki znacajno s obzirom na rezultate za T1 zagrijavanje prije polimerizacije materijala ® statistically significant compared to the results for T
preheating prior to the polymerization of the material of concern

T2 - statisticki znacajno u usporedbi s rezultatima za T2 zagrijavanje prije polimerizacije materijala ® statistically significant compared to the results for
T2 preheating prior to the polymerization of the material of concern

CoTx - statisticki znacajno u usporedbi s rezultatima za polimerizaciju preko CRP CAD/CAM overleja s obzirom na zagrijani materijal ® statistically
significant compared to the results for polymerization through CRP CAD/CAM overlay of the material of concern preheated at indexed temperature
CeTx - statisticki znacajno s obzirom na rezultate polimerizacije preko LDC CAD/CAM ovetleja s obzirom na zagrijani materijal * statistically significant
compared to the results for polymerization through LDC CAD/CAM overlay of the material of concern preheated at indexed temperature

pri zagrijavanju uzoraka na temperaturu od 54 °C (T2) (ta- For Filtek Supreme Ultra, a significantly lower tail length
blica 2.). value compared to other light-curing procedures was ob-
Za Filtek Supreme Ultra, uocene su znacajno nize vrijed- tained by preheating the material at 68 °C (T3) and light-

nosti duzine repa kometa pri zagrijavanju materijala na 68 curing it through the LDC CAD/CAM barrier (Table 4).
°C (T3) i osvjetljavanja preko LDC CAD/CAM barijere u However, the tail intensity parameter did not reveal any sta-
usporedbi s ostalim postupcima (tablica 4.). No izmjerene tistical significance regarding the preheating temperature
vrijednosti intenziteta repa nisu pokazale statisticki znacaj- or light-curing barrier used (Table 5). Contrary to primary
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Tablica 5. Rezultati komet-testa u alkalnim uvjetima za procjenu genotoksi¢nosti kompozitnih materijala s obzirom na temperaturu koristenu
za zagrijavanje materijala i vrstu polimerizacije; primarno o3tec¢enje DNA-e izrazeno je kroz parametar intenzitet repa kometa, koji
odgovara postotku genomske DNA-e koja je migrirala u rep kometa

Table 5  Results of genotoxicity evaluation of composite materials in regards to temperature used to preheat material and type of
polymerization-through barrier by applying alkaline comet assay. Primary damage to DNA is expressed in terms of tail intensity
parameter, corresponding to the extent of genomic DNA migrating into the comet tail.

Intenzitet repa (% DNA u repu kometa)
Tail intensity (tail % DNA T T ey .
Materijal ® Polimerizacijski postupak ©  Zagrijavanje B d:l intensity (tail % ) Statisticki zl‘::;:f:":n“.“sPowdb‘ s
. . . rednja e
Material Polymerization procedure Preheating viijednost » l\;[\;dld];x; S.D. Statistically significant compared to
Mean €

Nepolimeri.zirani . / 6.04 455 580 NC
Unpolymerized
Polimerizacija preko CRP CAD/ | T1 3.47 0.89 5.76 NC,Un
CAM overleja * T2 1.86 0.36 313 |Un
Polymerization through CRP
CAD/CAM overlay T3 1.96 0.48 2.77 Un

7100 Polimerizacija preko LDC T1 3.01 0.97 4.35 NC,Un
CAD/CAM overleja * T2 2.70 0.82 392 |NCUn
Polymerization through LDC
CAD/CAM overlay T3 2.57 0.68 3.29 NC,Un

e Tl 1.62 0.27 258 | Un
D¥re tna po {mertzacya T2 2.53 0.54 3.82 Nc,Un
Directly polymerized
T3 4.16 2.55 3.99 NC,T1,T2,CoT2,CoT3,CeT3

Nepolimerizirani » / 251 0.79 343 |NCZ100
Unpolymerized
Polimerizacija preko CRP CAD/ | T1 1.94 0.63 3.25
CAM overleja * T2 2.55 0.62 392 |NC
Polymerization through CRP

Filcek CAD/CAM overlay T3 3.06 0.70 4.28 NC

Supreme Polimerizacija preko LDC T1 2.83 1.81 2.93 NC

Ultra CAD/CAM overleja * T2 2.35 0.99 295 |NC

Polymerization through LDC
CAD/CAM overlay T3 1.85 0.13 3.56
I Tl 1.84 0.13 5.15
Direkena polimerizacija * T2 2.49 0.74 402 |NC
Directly polymerized
T3 3.94 2.38 4.21 NC,T1,CoT1,CoT2,CeT2,CeT3

Negativna kontrola * Negative control 1.15 0.06 291

Pozitivna kontrola ImM H O, 10 min ¢

Positive control 1mM H7Oj 16 min 32.65 30.15 2067 |NC

NC - statisticki znacajno u usporedbi s negativnom kontrolom e statistically significant compared to the negative control
Un - statisticki znacajno u usporedbi s rezultatima za nepolimerizirani oblik materijala ® statistically significant compared to the results for

unpolymerized form of the material of concern

7100 - statisticki znacajno u usporedbi s rezultatima za Z100 s obzirom na polimerizacijski oblik * statistically significant compared to the results for

7100 in the state and polymerization mode of concern

Co - statisticki znacajno u usporedbi s rezultatima za polimerizaciju preko CRP-a * statistically significant compared to the results for polymerization

through CRP CAD/CAM overlay of the material of concern

Ce - statisti¢ki znacajno u usporedbi s rezultatima za polimerizaciju preko LDC CAD/CAM-a s obzirom na materijal ® statistically significant compared
to the results for polymerization through LDC CAD/CAM overlay of the material of concern
T1 - statisticki znacajno s obzirom na rezultate za T'1 zagrijavanje prije polimerizacije materijala * statistically significant compared to the results for T1

preheating prior to the polymerization of the material of concern

T2 - statisticki znacajno u usporedbi s rezultatima za T2 zagrijavanje prije polimerizacije materijala * statistically significant compared to the results for
) P grijavanje prije p: ) ) y sigl p

T2 preheating prior to the polymerization of the material of concern

CoTx - statisticki znacajno u usporedbi s rezultatima za polimerizaciju preko CRP CAD/CAM overleja s obzirom na zagrijani materijal ® statistically
significant compared to the results for polymerization through CRP CAD/CAM ovetlay of the material of concern preheated at indexed temperature
CeTx - statisticki znacajno s obzirom na rezultate polimerizacije preko LDC CAD/CAM overleja s obzirom na zagrijani materijal * statistically significant
compared to the results for polymerization through LDC CAD/CAM overlay of the material of concern preheated at indexed temperature

no odstupanje s obzirom na temperaturu zagrijavanja ili po-
stupak osvjetljavanja (tablica 5.). Nasuprot primarnom oste-
¢enju DNA-e iskazanom parametrom duzine repa, mjerenja
iskazana postotkom DNA-e koja je migrirala u rep kometa,
nisu pokazala znacajnu razliku izmedu genotoksi¢nog poten-
cijala dvaju ispitivanih kompozitnih materijala. Pri izravnom

DNA damage measured as tail length, the one measured in
terms of % of DNA that migrated into the comet tail did
not indicate any difference between the genotoxic potential
of two tested composite materials.

In regards to direct light-curing, both materials exhibited
a significant genotoxic effect when preheated at 68 °C (T3)
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osvjetljavanju, oba materijala pokazuju znacajan genotoksi¢-
ni u¢inak kada su zagrijani na 68 °C (T3) prije osvjetljavanja
u usporedbi s ostalim uzorcima. Ucinak je zabiljezen kao zna-
¢ajan porast obaju parametara komet-testa.

Rasprava

Budu¢i da su kompozitne restauracije izlozene izravnom
utjecaju oralne sredine samo nekoliko minuta nakon polime-
rizacije, nasa studija oslikava klinicke uvjete jer je inkubacija
stani¢nih kultura s kompozitnim uzorcima provedena nepo-
sredno nakon pripreme uzorka. Maksimalno vrijeme osvjet-
ljavanja koje je preporucio proizvoda¢ za program visokog
intenziteta LED uredaja rabljenog u eksperimentu (Bluepha-
se G2) jest 15 sekunda, no u ovoj studiji vrijeme polimeriza-
cije iznosilo je 40 sekunda. Razlog tomu jest $to se tijekom
adhezijskog cementiranja CAD/CAM restauracija svjetlo lo-
mi i rasprsuje prolazedi kroz restauraciju te je zato potrebno
dulje osvjetljavanja kako bi se kompozit koristen za adhezij-
sko cementiranje mogao potpuno polimerizirati. Prema re-
zultatima ove studije, nije utvrdena statisticki znacajna razli-
ka u cito-/genotoksic¢nosti izmedu osvjetljavanja kompozita
izravno ili preko CRP ili LDC CAD/CAM overleja debljine
2 mm. No takvi rezultati mogu se povezati s ¢injenicom da
su uzorci stavljeni u limfocitnu stani¢nu kulturu neposredno
nakon polimerizacije. U slucaju izravne polimerizacije, kom-
pozitni uzorak prima vise topline negoli onaj polimeriziran
preko CRP ili LDC CAD/CAM overleja debljine 2 mm. Za-
to, kada je smjesten u svjezu kulturu stanica, zagrijani uzorak
kompozitnog materijala moze uzrokovati slabije prezivljenje
stanica. Razlog za to nisu komponente kompozitnog materi-
jala koje nisu reagirale nego temperatura uzorka. Nase prijas-
nje studije pokazale su da je klju¢an porast temperature tije-
kom polimerizacije (26, 27, 29). U ovoj studiji zabiljezen je
i porast temperature zbog zagrijavanja uzorka, a ne iskljucivo
zbog polimerizacije. Treba imati na umu da temperatura za-
grijanog kompozita opada vrlo brzo nakon $to je izvaden iz
uredaja za zagrijavanje.

Porast razine primarnih oste¢enja DNA-e uocen je u ispi-
tivanjima obaju kompozitnih materijala. Pretpostavljamo da
je o$te¢enje DNA-e vjerojatno uzrokovano porastom tempe-
rature materijala zagrijanog pri visim temperaturama (68 °C).
Danroch i suradnici (29) utvrdili su da kompozitni materijal
zgrijan do 60 °C i izvaden iz uredaja za zagrijavanje, pokazu-
je pad temperature kompozitnog materijala od 35 do 40 %
nakon 40 sekunda , do 50 % nakon 2 minute te do 90 % na-
kon 5 minuta. No apliciranje topline moze utjecati na intra-
molekularnu kemijsku vezu. Tijekom indirektnih postupaka
osvjetljavanja rezultati dobiveni za zagrijavanje na tempera-
turi od 54 °C (T2), koju inade preporuc¢uju proizvodaci, ni-
su odstupali u odnosu na rezultate dobivene pri zagrijavanju
uzoraka na 68 °C (T3).

U nekim studijama upozorava se na ¢injenicu da kisik
tijekom polimerizacije kompozitnog materijala moze inhi-
birati polimerizaciju. Posljedica je nastanak nepolimerizira-
nog monomernog sloja na povrsini kompozita koji, ako se
ne ukloni nakon polimerizacije, moze uzrokovati porast ci-
totoksi¢nosti materijala (30, 31). Citotoksi¢ni u¢inak manje

Toxicity of Pre-heated Composite

prior to light-curing compared to other procedures tested.
The effect was recorded as a significant increase in comet as-
say parameters; both tail length and tail intensity.

Discussion

Since composite restorations are commonly exposed to
the oral environment only a few minutes after light-curing,
our study mimicked the clinical conditions by incubating cell
cultures with composite samples immediately after the sam-
ple preparation. The maximum curing time recommended
by the manufacturer for the high intensity mode of the LED
light curing unit (Bluephase G2) is 15 s, in this study the cur-
ing time of 40s was used. The reason for that is when bond-
ing the CAD/CAM restoration, the curing light is attenuated
while passing through the restoration and longer exposures
have to be done in order to cure the luting composite com-
pletely. According to the results of this study, there was no
statistically significant difference in cyto-/genotoxicity be-
tween light-curing of the composites directly or through 2
mm thick CRP or LDC CAD/CAM overlay. However, the
explanation for the results given in this study may be due to
the fact that the samples were placed in a lymphocyte cell cul-
ture immediately after polymerization. In case of the direct
polymerization, the composite sample received more heat
than the sample polymerized through 2 mm thick CRP or
LDC CAD/CAM sample. Therefore, the heated composite
sample when placed in a fresh cell culture may cause less via-
ble cells. This is not because there are unreacted components
from the material but because of the temperature of the sam-
ple. Our former studies show that the temperature during
polymerization plays a crucial role (26,27,29) but still stays a
question since the temperature drops off quickly after remov-
ing the composite from the heating unit.

The increase in the level of primary DNA damage was
observed for both tested materials. It is unlikely though that
the observed effect was mediated by increased temperature of
material samples placed in the culture due to pre-heating at
68 °C. Danroch et al. (29) concluded that when composite
material is heated up to 60 °C and removed from the heat-
ing unit, the temperature of the composite material decreased
35-40% after 40s, up to 50% after 2 min, and up to 90% af-
ter 5 min. However, applied heat may affect intramolecular
chemical bonds. The radiation absorbed by molecules causes
increased vibration. When indirect curing procedures were
applied, results obtained for pre-heating temperatures of T2
of 54 °C, which is recommended by composite manufactur-
ers, did not differ compared to the results obtained with pre-
heating at T3 - 68 °C.

Some studies reported that the presence of oxygen during
the light curing of materials might inhibit polymerization.
This leads to the formation of unpolymerized monomeric
surface layer which, if not removed after curing, increases cy-
totoxicity of materials (30,31). The cytotoxic effect was less
exhibited if that surface layer was removed. Therefore, in the
present study we used a Mylar sheet to prevent the access of
material surface to atmospheric oxygen and to avoid the for-
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je uocljiv ako je taj povrsinski sloj odstranjen. Zato je u na-
Soj studiji koristena Mylar folija kako bi se sprijecilo stvaranje
sloja atmosferskog kisika na povrsini uzorka te tako sprijecilo
stvaranje nepolimerizirane povrsine sloja kompozitnog mate-
rijala s posljedi¢nim citotoksi¢nim uc¢inkom.

Darmani i suradnici (32) proucavali su citoksi¢nost razli-
¢itih kompozitnih materijala i ustanovili pad prezivljenja sta-
nica do 48 % u sluc¢aju njihova izlaganja kompozitnom ma-
terijalu Z100. U nasoj studiji, smanjenje prezivljenja stanica
nakon kontakta sa Z100, nije bilo toliko izrazeno kao u spo-
menutoj studiji (tablice 2. i 3.). Statisticka usporedba rezulta-
ta citotoksi¢nosti izmedu Z100 i Filtek Supreme Ultra poka-
zala je da nakon polimerizacije obaju kompozitnih materijala
preko CRP CAD/CAM overleja debljine 2 mm i pri tempe-
raturama T'1 i T3, bolje rezultate (vece prezivljenje limfocita)
pokazuje kompozit Z100. No nakon zagrijavanja na tempe-
raturi T2, Filtek Supreme Ultra bio je manje citotoksican (P
= 0,0228). Takoder, nakon polimerizacije obaju kompozitnih
materijala preko LDC CAD/CAM overleja debljine 2 mm
na svim temperaturama zagrijavanja, citotoksi¢nost kompo-
zita Z100 bila je nesto niza ili jednaka citotoksi¢nosti kom-
pozita Filtek Supreme Ultra, ali bez statisticke znacajnosti.
Opcenito, ¢ini se da je Filtek Supreme Ultra manje osjetljiv
na postupak osvjetljavanja, izravno ili preko CRP ili LDC
CAD/CAM onleja debljine 2 mm. Za oba materijala najniza
citotoksi¢nost uocena je pri zagrijavanju na temperaturi T1
tijekom direktne polimerizacije i polimerizacije preko CRP
CAD/CAM overleja.

Uzimajuéi u obzir oba parametra komet-testa, duljinu
repa i intenzitet repa, nepolimerizirani Z100 pokazao je ve-
lik potencijal za izazivanje primarnih o$te¢enja DNA-e u us-
poredbi s kompozitnim materijalom Filtek Supreme Ultra.
Uzrok za to mogao bi se povezati sa sastavom tih dvaju mate-
rijala. Za Z100 temeljni su materijali TEGDMA i Bis-GMA,
a Filtek Supreme Ultra, osim TEGDMA-e¢ i Bis-GMA-e sa-
drzava UDMA i Bis-EMA monomer. Otpustanje rezidualnih
monomera iz nepolimeriziranog Z100 i njihov toksi¢ni udi-
nak spominju se u nekoliko studija (32 — 34). Darmani i su-
radnici (32) navode otpustanje velike kolicina TEGDMA-e i
manje koli¢ine Bis-GMA-e iz testiranih kompozita, ukljucu-
juci Z100. Kao $to su objasnili Engelmann i suradnici (35),
TEGDMA formiranjem veza s glutationom (koji inace ima
zastitni u¢inak za stanice) moZe interferirati s njegovom za-
stitnom funkcijom i tako unistiti stanicu. Ustanovljeno je da
Filtek Supreme Ultra sadrzava znatnu koli¢inu cirkonijevih
Cestica, a dokazano je da taj element ima znacajna antioksida-
tivna svojstva (1, 36, 37).

U nasoj se studiji izbor 24-satnog tretmana temelji na
spoznajama dobivenima iz ranijih studija, pokazujuéi da se
najveée otpustanje komponenata koje nisu reagirale dogada
u prva 24 sata nakon $to je restaurativni materijal postav-
lien u kavitet (38). Dobiveni podatci o razinama primarnih
o$te¢enja genoma pokazuju da bi se CRP CAD/CAM mo-
gao smatrati boljim materijalom s obzirom na to da su i du-
zina i intenzitet repa kometa bili manji u usporedbi s vrijed-
nostima dobivenima pri osvjetljavanju preko LDC overleja.
Postotak DNA-¢ u repu kometa opéenito se smatra to¢nijim
biomarkerom genotoksi¢nosti jer je izravno razmjeran udjelu

Toksicnost prethodno zagrijanih kompozita .

mation of unpolymerized surface layer and consequently its
effect on the cytotoxicity results.

Darmani et al. (32) evaluated cytotoxicity of different
composite materials and reported a decrease in cell viabili-
ties up to 48 % when the cells were exposed to Z100 com-
posite material. In our study viability was not affected to such
extent (Table 2,3). Statistical comparison of cytotoxicity re-
sults between Z100 and Filtek Supreme Ultra showed that af-
ter light-curing of both materials through 2 mm thick CRP
CAD/CAM overlay at temperature T1 and T3, better results
(higher lymphocyte viability) were obtained for Z100. How-
ever, after preheating at temperature T2, Filtek Supreme Ul-
tra had lower cytotoxicity (P=0.0228). Also, after light-cur-
ing of both materials through 2 mm thick LDC CAD/CAM
overlay at all preheating temperatures, cytotoxicity of Z100
was slightly lower or similar to Filtek Supreme Ultra, howev-
er none of the differences was statistically significant. In gen-
eral, Filtek Supreme Ultra appears less sensitive on how the
light-curing is conducted — directly, or through 2 mm thick
CRP CAD/CAM sample or 2 mm thick LDC CAD/CAM
sample. For both studied materials regardless whether they
were cured through CRP CAD/CAM overlay or directly, the
lowest cytotoxicity was observed with pre-heating at T1.

Considering both comet assay parameters tail length and
tail intensity, the unpolymerized form of Z100 exhibited
higher potency of inducing primary damage to DNA com-
pared to Filtek Supreme Ultra. The observed effect is mediat-
ed by a significant difference in the composition of two evalu-
ated composite materials. Z100 is TEGDMA and Bis-GMA
based material, while Filtek Supreme Ultra besides TEGD-
MA and Bis-GMA contains also UDMA and Bis-EMA resin
monomers. Leaching of residual monomers from Z100 and
their toxic effects were reported by several studies (32-34).
Darmani et al. (32) concluded that high amount of TEGD-
MA and comparatively smaller amounts of Bis-GMA were
released from tested composite materials. As Engelmann et
al. (35) explains, TEGDMA forms adducts with glutathione
(which has protective functions to the cells) and may inter-
fere with its protective function leading to the cell destruc-
tion. However, Filtek Supreme Ultra contains a considerable
amount of zirconia particles, and zirconia is shown to exhibit
significant antioxidative properties (1,36,37).

In the present evaluation, 24 hours of treatment has been
used based on the knowledge gained from previous studies
indicating that highest leaching occurs within first 24 hours
following restorative material placement in oral cavity (38).
Evaluation of the level of primary genomic lesions indicat-
ed that CRP CAD/CAM might be a preferable material to
perform indirect polymerization, since both tail length and
% of DNA in tail were lower compared to LDC polymer-
ization procedure. The percentage of DNA (tail intensity) in
the comet tail that is accepted as a more reliable biomarker
of genotoxicity directly corresponds to the proportion of ge-
nomic DNA affected by the adverse biological effects of the
substance (39,40). The obtained values for that parameter in-
dicates that there is no effect on the primary damage to DNA
if preheating is performed at 54 °C (T2) or 68 °C (T3) (Ta-
bles 4,5). Although there is no statistically significant differ-
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genomske DNA-¢ u repu kometa, na iji porast utjecu Stet-
ni bioloski ucinci razlicitih agensa (39, 40). Dobivene vri-
jednosti za taj parametar pokazuju da zagrijavanje kompozita
na 54 °C (T2) ili 68 °C (T3) ne utjee na razinu primarnog
o$te¢enja DNA-e (tablice 4. i 5.). Iako nema statisticki zna-
¢ajne razlike, ¢ak ako se uzme u obzir intenzitet repa, polime-
rizacija preko CRP-a moze biti postupak izbora (tablica 5.).
Razlika u rezultatima uocenima nakon polimerizacije preko
CRP-a ili LDC CAD/CAM overleja moze se objasniti razli-
¢itim sastavom materijala. Illie i Hickel (41) pokazali su da
je litijeva disilikatna staklena keramika vise opakna zbog kri-
stalne strukture. To moze uzrokovati manju transmisiju svje-
tla i time manje polimerizirani uzorak, §to pak smanjuje pre-
Zivljenje stanica.

Pri izravnoj polimerizaciji obaju ispitivanih materijala,
zagrijavanje na 37 °C (T1) ili 54 °C (T2) mote biti postupak
izbora. Nadalje, s obzirom na genotoksi¢nost, ne preporucuje
se prethodno zagrijavanje na 68 °C (T3).

Op¢enito, uzimajudi u obzir dva ¢imbenika: A) da je in-
tenzitet repa vjerodostojniji pokazatelj razine primarnog oste-
¢enja DNA-e negoli duzina repa i B) da se do 10 % DNA-e
u repu smatra prihvatljivom razinom o$tecenja bez znacajni-
jeg narusavanja cjelovitosti genoma (25, 42), moze se pret-
postaviti da u uvjetima koriStenima u ovoj studiji obaju is-
pitivanih materijala pokazuju vise negoli prihvatljivu razinu
biokompatibilnosti s obzirom na cito- i genotoksi¢nost. Pre-
ma tomu, promjene u razini primarnog oste¢enja DNA-¢ na-
kon izlaganja limfocita kompozitnim materijalima, bez ob-
zira na to $to su neki rezultati pokazali statisticki znacajne
razlike, mozda nisu bioloski relevantne. Vaznost prikazanih
rezultata ogleda se u pokusaju iznalaZenja najprihvatljivijeg
postupka za polimerizaciju kompozita i najpovoljnijih uvjeta
zagrijavanja. Za oba ispitivana kompozitna materijala, prva je
hipoteza prihvacena, a druga je odbacena. Rezultati dobive-
ni na stani¢nim kulturama ne mogu se izravno primijeniti za
objasnjenja mogudih scenarija u uvjetima iz vivo. No dobi-
veni rezultati upucuju na to da se neprestano trebaju prona-
laziti napredniji postupci te modificirati sastavi kompozitnih
materijala kojima bi se poboljsala polimerizacija kompozita
te umanjio potencijalni rizik za pacijenta i osoblje koje radi s
takvim materijalima.

Zakljucak

Za kompozitni materijal Z100, najveéi postotak Zivih sta-
nica zabiljeZen je nakon izravnog osvjetljavanja, nakon cega
slijedi osvjetljavanje preko CRP-a te LDC overleja. Za kom-
pozit Filtek Supreme Ultra najvedi postotak Zivih stanica za-
biljezen je pri polimerizaciji preko CRP overleja, nakon ¢ega
slijedi polimerizacija preko LDC overleja i izravna polimeri-
zacija.

Za materijal Z100 najve¢i postotak zivih stanica zabilje-
zen je nakon zagrijavanja na T1 za CRP, LDC te za izravno
osvjetljavanje uzoraka. Za kompozit Filtek Supreme Ultra,
najvedi postotak Zivih stanica zabiljezen je pri zagrijavanju na
T2 za CRP te pri izravnom osvjetljavanju na T1/T3 za LDC.

U negativnoj kontroli i nepolimeriziranim uzorcima
obaju kompozitnih materijala <2100 i Filtek Supreme Ul-
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ence, even considering tail intensity parameter CRP-through
polymerization may be preferable procedure (Table 5). The
difference in results when polymerized through CPR or LDC
CAD/CAM overlay may be explained with different mate-
rial composition. Ilie and Hickel (41) showed in their study
that lithium disilicate glass-ceramic due to is crystalline struc-
ture shows more opacity. This can cause less light transmis-
sion and therefore less polymerized sample leading to less vi-
able cells.

Regarding the direct polymerization of both tested mate-
rials, preheating the procedure at 37 °C (T1) or 54 °C (T2)
may be the procedure of choice. Furthermore, in terms of
genotoxicity, preheating at 68 °C (T3) may not be recom-
mended.

In general, considering two facts: A) that tail intensity is a
more reliable parameter of primary damage to DNA over tail
length, and B) that up to 10% of DNA in tail is considered
baseline level with no significant effect on genome integrity
(25,42), it may be suggested that under conditions used in
the present study both tested materials showed more than ac-
ceptable level of biocompatibility in terms of cyto- and geno-
toxicity. Thus, observed changes in the level of the primary
damage to DNA due to both composite treatments, though
some of them showed statistical significance, may be of no
biological relevance. Importance of the presented results lies
in the attempt to indicate the most suitable procedure for
their polymerization and preheating options. For both test-
ed composite materials, the first null-hypothesis was accept-
ed and the second one was rejected. These results with a cell
culture cannot be directly used for explanation of the in vi-
vo scenario. However, this does indicate a constant need for
finding more advanced procedures and composite resin mod-
ifications which would improve polymerization of compos-
ite materials and minimize the potential risk for patients and
dental personnel.

Conclusion

For the Z100, the highest percentage of viable cells was
recorded after direct light curing, followed by light curing
through CRP and through LDC. For Filtek Supreme Ul-
tra highest percentage of viable cells is recorded while cur-
ing through CRP followed by LDC and direct light curing.

For Z100, the highest percentage of viable cells is record-
ed after preheating on T1 for CRP, LDC and direct light cur-
ing. For Filtek Supreme Ultra, highest percentage of viable
cells is recorded while preheating composite at T2 for CRP
and direct light curing and T1/T3 for LDC.

In the negative control and unpolymerized samples of
both tested composite materials, Z100 and Filtek Supreme
Ultra, the frequency of apoptotic lymphocytes was slight-
ly higher than the frequency of nectotic lymphocytes. For
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tra — ucestalost apoptoti¢nih limfocita nesto je veca nego-
li nekroti¢nih limfocita. Za Filtek Supreme Ultra, apoptoza
predominira nad nekrozom u gotovo svim polizmerizira-
nim uzorcima bez obzira na temperaturu zagrijavanja. No za
kompozitni materijal Z100 apoptoza predominira nad ne-
krozom samo u uzorcima polimeriziranima izravnim postup-
kom osvjetljavanja, bez obzira na temperaturu zagrijavanja.
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Filtek Supreme Ultra, apoptosis predominated over necrosis
in almost all polymerized samples regardless of the preheating
temperature. However, for Z100 composite material apopto-
sis predominated over necrosis only in samples prepared with
direct light curing, regardless of the heating tempaerature.
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Objectives: The aim was to compare cytotoxicity/genotoxicity of pre-heated composites polymer-
ized through CAD/CAM overlays on isolated human peripheral blood lymphocytes. Material and
Methods: A microhybrid (Z100, 3M ESPE) and nanofilled composite (Filtek Supreme Ultra, 3M ES-
PE) were heated in a heating unit (Calset, AdDent Inc.) at different temperatures: 37 °C, 54 °C, and
68 °C. A small amount of heated composite was placed in a cylindrical mold (6mm diameter; 0.65mm
thick), covered with a Mylar sheet, pressed and light-cured directly and through 2 mm thick CAD/
CAM ceramic-reinforced polymer (CRP)(LAVA Ultimate, 3M ESPE) or CAD/CAM lithium disilicate ce-
ramic (LDC)(e.max, Ivoclar/Vivadent) overlay. After curing, the specimens were immediately placed
in a prepared lymphocyte cell culture. Cytotoxicity was assessed using a dye exclusion method by si-
multaneous staining with ethidium bromide and acridine orange, aimed to determine percentages of
viable, apoptotic and necrotic cells. Genotoxicity was studied using alkaline comet assay. Results:
For Z100, the highest percentage of viable cells is recorded at T1 (93.7%) after direct light curing, fol-
lowed by light curing through CRP (92.3%) and through LDC (91.7%T1,T3). For Filtek Supreme Ultra,
the highest percentage of viable cells is recorded while curing through CRP (91.0% T2), followed by
LDC (90% T1,T3) and direct light curing (88.7%T2). Conclusion: For both tested materials, preheat-
ing the procedure at T1 and T2 may be the procedure of choice. In terms of genotoxicity, preheating
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