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ABSTRACT

Recently concerns were raised about the adversetesf the leached monomers, from the resin-basseérials,
particularly bisphenol-A (BPA) because of its destmated estrogenic effect. Three commercially aAd
bisphenol-A glycidyl methacrylate (Bis-GMA) resimsbd restorative materials were used in this stutlyese
products were two pit and fissure sealants Fisseal Clinprd". and one resin composite restorative materials
Filtek™ z 350XT flowable restorative. The extracted imiioersnedia were analyzed using HPLC for the detectio
of the leached out BPA. The leached components aggnénistered intragastrically daily to the tesbgps and the
equivalent volumes of the immersion media were ridtered to the control groups of mice for one kyeawo
weeks and three months. At the end of each expaahpeeriod, blood samples were withdrawn from oetrbital
plexus of all miceThe collected serum samples were tested for thigitgcof estrogen receptor using Mouse
Estrogen Receptor Alpha (RRELISA kit. Then all animals were sacrificed andaides from females as well as
testes from male mice were dissected and fixedrindlin saline 10% for histological examination. €Tresults
revealed that flowable composite immersed in cadid showed higher BPA monomer release and higakes of
estrogen receptor activity than both sealants. ldighalues of estrogen receptor activity were obsérfor female
mice and citric acid subgroups. Ovaries of femaleemvere more affected than testes of males ars thffections
ranged from increased proliferation of the intetisti stromal cells in the medulla to severe congésivarian blood
vessels.
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INTRODUCTION

Over the past 20 years, the use of resin-basedratige materials in clinical dentistry had a maijoifuence on
esthetic dentistry. Bisphenol-A glycidyl methactglgBis-GMA) is one of the components used in rédsised
dental composites. This component is known to raniaithe polymer after the curing process is comeple
Furthermore, residual unpolymerized oligomers Haaen reported to leach out into the oral envirorrfier?].

Besidesto a slow and persistent degradation of dental cmitgs in the oral cavity caused by chemicals and
mechanical factors, recent researches demonstthteadhuman saliva exhibited cholesterol esterasiratgse
activity that had a catalytic effect leading to tireakdown of these residual Bis-GMA componentdantal resin
composited3, 4]. Moreover, these leached components may haveteogesic effect that might contribute to the
inadvertent exposure of patient to xenoestrogehes& are a group of chemicals that exerts a badbgeaction
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comparable to that of natural estrogen, which im@slmolecules possessing a double benzoic ringemistry,
such molecules include bisphenol-A therefore, pidemisphenol-A sources in dental materials maimlglude
sealants, composites, adhesives and polycarbossttestic brackets, 6].

Many studies have found that the exposure of huraadsanimals to BPA induces hormonal related ingpaat
obesity, nervous system, thyroid function, brepststate and development of cancer and othef$]. Although
resin-based restorative materials available on rtieeket fulfill Environmental Protection Agency Stimds
regarding the BPA content; nonetheless, these atdadire based on the toxic effects of BPA rathan bn their
estrogenic effects.

Since the detection of the estrogenic activity efim based composites and sealants by Olea groL®9@[17],
some researchers have turned their attention totifppahe amount of leached BPA from dental resasdd
restorative materials using different analyticaltimoels and techniques. BPA, its dimethacrylate ddisies,
Bisphenol-A diglycidylether, Bis-GMA, and ethoxyatnd propoxylate of Bisphenol-A was detected by EIP
analysis from Bis-GMA based resin composites ardasgs in concentrations greater than the minimoroumnt to
show estrogenicity18, 19]. However, anothein vitro study failed to detect any leachable amounts oA BBm
seven dental sealants, although other compounds eetected20]. Moreover, BPA was detected in some saliva
samples at one and three hours after sealant ptatelvhile, no BPA was detected beyond three housaliva
samples or in any of the serum samples. FurtherntioeeBPA concentration was found to be proporticaghe
amount of sealant placé¢@l]. Thus, the evidence remains inconclusive owintéolack of consistency in results in
differentin vitro andin vivo studies. To further investigate the estrogenicatftd BPA content of these materials,
this study was performed to assess the estrogéfeit ef leached BPA on male and female mice asdhipact on
the reproductive organs of male and female mia different administration period.

EXPERMENTAL SECTION

Resin-based materials

Three commercially available Bis-GMA resin-basestogative materials, two pit and fissure sealanssdal and
Clinpro™ and one flowable composite restorative materitielei ' Z350XT flowable restorative were used in this
study. Table (1) illustrates the investigated réxsed restorative materials.

Table (1): The investigated resin-based restorativeaterials

Commercial name symbol Type Composition Manufacture

. . ) . Promedica, Germany Lot no.
Fisseal C1l Pit and fissure sealant BisGMA, TEGDMA (1236506 )

3M ESPE Dental Products, USA

LM . ) .
Clinpro™ Sealant Cc2 Pit and fissure sealant BisGMA, TEGDMA Lot no. (12636)

: ™M
ek oo0XT flowable | 5 Flowable nano- composite  BisGMA, TEGDMA, BiseMaSM ESPE Dental Products, USA

Zirconia/silica and silica;
Nanoparticles 55vol%-65wt%

Monomer:
Bisphenol-A (HPLC standard): 4,4"-isopropylidengdidinol: 97% pure Aldrich- Chemie, Albuch, Germany.

Preparation of leached components from resin basedaterials:

Two hundred and ten resin-based disc shaped spesimere prepared (n= 70 specimens for each mateFiad
discs were 15 mm in diameter and 0.5 mm in thickreeording to ISO 4049: 1988 Dentistry-resin-bafag
materialg22] for sorption and solubility testing, with the eptien of storage time and media used. Teflon mold
was used to produce the specimens in the requiragiesand size. The investigated materials wereeghickto the
teflon mold and built up in one increment. Then gaeked materials were topped by a glass slidéattem the
specimen surface. The specimens were light curétd Malogen curing unit (Chromalux E; Mega Physiknié,
Germany, light intensity of 440 m W/ énThe light curing tip was placed at the top scefaf each specimen and
then light-cured for 40s to simulate the clinicéligtion, according to the manufacturer’'s recomnagiots.

Preparation of the immersion media

Two immersion media namely artificial saliva andrici acid were used for the extraction of BPA frahe
investigated resin-based materials in the curreiglys The artificial saliva was prepared by dissuiv0.4 g/L NaCl,
0.4 g/L KCI, 0.795 g/L CaGl- 2H,0, 0.69 g/L NaHPO, - H,0, 0.005 g/L Ng5 - 9H,0, and 1.0 g/L CO (Nb);in
one liter of distilled watef23]. The pH of artificial saliva was adjusted to be @ith KOH using pH meter (Hanna,
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PH 211, Micro processor, PH Meter, USA) . The sdcommersion media was citric acid with pH = 4 pnegazaby
mixing 614.5 ml, 0.1 M Citric acid (igO;), and 385.5ml, 0.2 M disodium phosphate ANRQO,) [24] .

After curing, the specimens of each resin-basecmahtwere divided into two subgroups accordinghe type of
immersion media (n=35) and immediately immersell mL of the prepared respective media. All specsneare
subjected to thermocycling in a thermal cycling wimion machine (Biometra, T3 thermocycler, Germaimy
distilled water bath between 5 °C and 55 °C withs3fwvell times for 5000 cycle. The samples wereestdn a dark
box at 37°C temperature. Five samples from eaclgrsup were involved in this study. The immersiondimen

was renewed daily for one week, then weekly foe¢hmonths. The extracted immersion media were a@alysing
HPLC (High Performance Liquid Chromatography) toe tetection of the leached bisphenol-A.

Detection of the leached BPA from resin-based matis
Bisphenol-A was determined by HPLC, Agilent teclogiés 1100 series, equipped with a quaternary pi@GaS1A
model), according to the method described\b¥liaysat et a[25].

The standard preparation was performed by dissph8@ mg of BPA standard (Aldrich- Chemie, Albuch,
Germany) in one ml mobile phase. Serial dilutioreevprepared from the standard; 10 pl from seilatidn of
standard were injected in HPLC to draw standardecwith different concentration.

The extracted media (20pl) was injected in HPLCreEhmeasurements were determined for each sampléhan
means were calculated. The value of leached BR#& amlculated from the standard curve pg/ml. Séiparaas
achieved on octadecylsilane (ODS) reversed phdsenco(C18, 25x0.46 cm i.d., im) and UV detector was set at
280 nm. All determinations were conducted at roemperature using mobile phase which consisted afd\B, A
was acetonitrile /water (50/50) V/V and B was andtde. A and B were filtered through a 0.45 pummiwane
filter (Satorious, Goettingen, Germany) and degags@r to use. A linear gradient from solvent Adolvent B
over 15 min (0—100%) and a flow rate of 1 ml mimds applied [11].

Experimental design {n vivo study)

A total number of 240 mice, aged 40 days, 120alerand 120 male were used in this study. They Wweuvsed in
the Animal House Unit of the National Research @e(MRC), Cairo, Egypt at controlled temperatur@4+ 1°C
on a 12 h light/12 h dark cycle. Food (standaraiatory rodent chow diet) and water were suppdiddibitum.The
guidelines of the ethical care and treatment ofahienals followed the regulations of the ethicaincaittee of the
National Research Centre.

Animals grouping

The animals were randomly divided into four maiugps, each contains 60 mice (30female and 30 nagle)
control group and three test groups. The threegiestp of mice received the leached componentsaténal (C1),
(C2) and (C3) respectively. Each main group wdslistided into two subgroups of 30 mice (15 femades 15
males) according to the immersing media (artifigaliva or citric acid). Each animal received 5ahthe eluted
substances orally using animal feeding intubation.

Each subgroup was further subdivided into threagsaf 10 mice (5 males and 5 females), the firstig received
the leached component daily for one week, the skceceived the leached component daily for two wesid the
third received the leached component daily forghmeonths. In order to standardize the animal hagdiind any
stresses created during the intra-gastric admatistr, the control group received equivalent volanoé the two
media using the same technique for the same adnaitiis periods.

At the end of each experimental period, blood samplere withdrawn from retro-orbital plexus of miice. Sera
were separated from the blood samples and stor8@dE pending for analysis of estrogen recepttiviae

Determination of mouse estrogen receptor alpha (E&) activity
The activity of estrogen receptor alpha (ERvas quantified in serum by enzyme linked immumbsaot assay
(ELISA) technique using mouse estrogen recefpiraaassay kit (Glory Science, U.S.A)

Histological examination

After collection of blood samples, all animals weeazrificed and ovary from females as well as sefstim males
were dissected and fixed in formalin saline 10%Hstological examination. Paraffin bees wax tisblaeks were
prepared for sectioning at 4u thickness by slidimigrotome (Leitz-3002, Germany). The obtained issactions
were collected on glass slides, deparaffinizednsthby hematoxylin and eosin stain for routineeistigation then
examination was done through the light electricroscope (Lap. Photo, Nikon 236033, Japan)
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Statistical analysis

Data were presented as mean and standard deviggioh values. Data were explored for normality using
Kolmogorov-Smirnov and Shapiro-Wilk tests. Datawhd normal (parametric) distribution; so regressioodel
using repeated measures Analysis of Variance (ANDWAs used in testing significance for the effettresin
composite, immersion media, immersion time andrtlgieractions on mean bisphenol-A monomer release.
Repeated measures Analysis of Variance (ANOVA) wsed also in testing significance for the effectredin
composite, storage media, gender, storage timaraidinteractions on mean estrogen release. TsifEst-hoc
test was used for pair-wise comparisons betweegrteps when ANOVA test is significant. The sigoéice level
was set at R 0.05. Statistical analysis was performed with SR&Sion 20.

RESULTS AND DISCUSSION

Although resin-based restorative materials wenmthtced for use in anterior regions where esthetiesof prime
concern, the continuous improvement in their chémiand properties expanded their use to almostalities,
whether anterior or posterior. In addition, resas&d materials are also used as pit and fissutensedor caries
prevention. The effectiveness of these sealantsaifes prevention promoted their use to the exteat their
application became obligatory in some countf®8. However, concerns were raised about the advéfieset ef the
leached monomers, from these resin-based matguatscularly BPA because of its demonstrated gsinc effect
[17]. All these data together with the limited avaitalformation about the extent of the cumulativeraggenic
effect on both male and female made it crucial targify BPA release and determine its impact omogshn
receptors activity.

The aim of the current study was to quantitativedgess the effect of the different pH and timexpbsure on the
amount of leached BPA monomer from two pit anduiisssealants and one flowable composite. Our aisalso
extended to elucidate the impact of leached BPAanwr on the activity of estrogen receptors of botide and
female mice over three month.

The result revealed that flowable composite sholmgbler mean BPA monomer release than both seadargeown
in Fig. (1). These results are in agreement villea et al. [17] .This may be attributed to the fact that the amaiin
leached monomers from any polymeric material vameersely with the degree of conversion. Since filer
volume fraction in flowable composites is relativdigher than sealants, and since these fillers achgs scattering
centers, flowable composites may exhibit lower shacency compared to sealants. Such reduced tcamgy may
decrease the degree of conversion of flowable caitgmleading to higher BPA reled2&].

A monomer release

Fig. (1): Comparison between BPA monomer releaggig/ml) for the different resin-based restorative materials

Table (2): Comparison between estrogen receptors tdty in ng/ml of resin-based restorative materiak regardless of other variables

C1l C2 C3 P-value
Mean SD Mean SD Mean SD
1.08° 0.14 1.15° 0.16 1.22% 0.20 | 0.002*
*: Significant at P< 0.05, Different superscripts are statisticallyrsficantly different according to Tukey’s test
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These BPA release profiles were also reflected han dstrogen receptors activity results where tbeveble
composite showed the higher mean estrogen receattirsty than the two pit and fissure sealantsshswn in
Table (2).

The relation between BPA release and the estrogeeptor activity may be due to the similarity oé thhenol
groups on both BPA and estradiol. This resemblaloavs the BPA molecule to trigger estrogenic pathsvby
activation of estrogen receptd28, 29] These results are in conformity wiithafer et al[30] who demonstrated
that BPA can increase breast cancer cells pratifar, that are known to proliferate under estragstimulation,
It must be noted that such effects were reportedctur only at concentrations 100,000 times higké&tive to
estradiol. These finding can also be related tedh@ported byframi et al.[31] who investigated two pit and
fissure sealants and found that both were estrogdtiiough none of them contained BPA. This is degpe fact
that BPA-DMA, which is also estrogenic, was foundoe included in these two sealants in an amowdtgr than
the minimum amount to show estrogenicity. It musttéken into consideration this latter study inigeged these
sealants without thermocycling while temperature ¥aand to play an important role in the conversibthe BPA-
DMA to the more estrogenic form BAA1].

The results of the current study showed that céigad had statistically significant higher mean BRnomer
release than artificial saliva as showrFig. (2).
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Fig. (2): Comparison between BPA monomer release dg(ml) of immersion media

In accordance of our resultSopferich[32] indicated that acidic media had a significant impa the amount of
leachable components of the resin as these medgileaate the hydrolysis of the ester bond linkihg BPA
molecules to the resin-based materials. This m&y le entrance of acids inside the polymer bulkictvimay result

in swelling. The intrusion of acids triggers funttlhemical degradation which results in the foromaf oligomers
and then monomers. The progressive degradatioregsochanges the microstructure of the materiaugirahe
formation of poresyia which oligomers, residual monomers, degradatiomdpets and additives are released.
Alongside, the pH inside the pores begins to betrobed by degradation products. Finally, oligomexsd
monomers are released, leading to erosion withesjutest weight loss of the polymi@3] .These results were also
reflected on the estrogen receptor activation witeeecitric acid group showed significantly higheean estrogen
receptor activity than artificial saliva as showrTable (3).

Table (3): Comparison between estrogen receptorgtivation (ng/ml) of immersion media regardless obther variables

Artificial saliva Citric acid P-value
Mean SD Mean SD
111 [ 0.6 119 | 019 0.010*

*: Significant at P<0.05

This may be explained by the fact that BPA leadeder extreme pH by Bis-GMA based composites aathsts
exceed the minimum amount to show estrogenjia#y.

The present results showed that BPA release wastddtin all groups till day six after which allogips didn’t
show any monomer release. Even during these sig, dbg release significantly decreased over timshasvn in

Fig. (3).
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Fig. (3): Comparison between BPA monomer release d{ml) at different immersion periods.

These results are in agreement whfichelsen et al[35], who found that BPA was leached out from all tested
composite and sealant samples and this releaseaded' with time. It has been shown that the mgjorfitthe
leachable organic components eluted from compasisin materials within the first seven days aftarirng.
Ferracane and Condof8] reported that most of the unbound organic compisnesere eluted within 24 h after
curing. However, these results are contradictomty wiose reported byada et al[36], who indicated that HPLC
failed to detect BPA in any of the elutes of 24 coencially available flowable composites. This diffiece may be
attributed to the fact that this latter study useater as immersion medium without thermocycling. pksviously
mentioned, thermocycling has a direct effect oneter bond breakage that account for the BPAselea

The highest estrogen receptor activity was founddour after one week and two weeks study perioshasvn in
Table (4).

Table (4): Comparison between estrogen receptors @ation (ng/ml) at the different administration periods regardless of other variables

1 week 2 weeks 3 months P-value
Mean SD Mean SD Mean SD
1.23% [ 015 1.2P 0.15 1.02 0.14 0.010*

*: Significant at P< 0.05, Different superscripts are statisticallyrgigcantly different

After three months, there was a statistically digant decrease in mean estrogen receptor activitlyis finding

shows a close relevance to the amount of releaB®&ffrom these materials which stopped after selays. The
decrease in the estrogen receptor activity afeeiintial high activation may be due to the facttBPA is rapidly
metabolized in liveria conjugation of glucuronic acid with BPA to formetmetabolite (BPAG)37]. Although the
release was found to stop after about one weekadtieated estrogen receptors remained relativigli till after

two weeks and this represents the time needed &abulic clearance of the administered BPPhese results
support the fact that persistent estrogen receqttivation needs exposure to significant amount8@#A which

must be continuous ania multiple source$38].

The present results demonstrated that, femalesierped higher mean estrogen receptor activatian thales as
shown inFig. (4).

Regarding the effect on female mice, the curresitilte are relevant with those reportedAlyHiyasat et al.[25],
who indicated that BPA significantly affected femahouse fertility due to the activation of estrogeceptors by
BPA. The estrogenic effect of BPA is markedly aféecby the concentration of estrogenic receptaus female
were more sensitive to BPA than males. Also, BPAdhible in lipid and female's body contains maethan
males. This may have caused more absorption of BFf@males leading to more receptor activatidf]. These
results were reflected on the histological pictafeovaries of both artificial saliva and citric dcgroups which
showed histological alteration due to hormonal gesras a result of estrogen receptor activation.

57



Jihan S. Husseiret al J. Chem. Pharm. Res,, 2015, 7(2):52-61

rogen receptor

Fig. (4): Comparison between estrogen receptors @ation (ng/ml) in males and females

The histological features of the tested female noicaries after one week administration period tificial saliva
showed different stages of the follicles and corfuteum in the cortex. The histological findings thé present
study were consistent with the results of the stuidyle byAdewale et a[40], who observed that females' ovaries
exposed to BPA displayed all stages of folliculavelopment. However, the previous study repotedpresence
of hemorrhagic follicles and a number of large alrlike follicles. Although these hemorrhagic folés were not
found in the current results, other blood vesselated findings were identified as showrFig.(5).

Fig. (5): Photomicrograph of an ovary tissue sectioof female mouse, as a representative of artifidiaaliva subgroup after one week
showing graffian follicles (f) and corpus luteum (¢ at the cortex with congested blood vessels (v) medulla (circled area) (H&E 16 x)

The mice ovaries in the current study showed cdedeblood vessels of the medulla. These findings loa
attributed to the fact that the estrogen has adikimg effect, which can result in the accumwatbf blood in the
veins of the organs in the pelvic area including dlvaries and the uter{®l]. This vasodilating effect is mediated
by the estrogen — sensitive cell receptorso(BRd ERB), which are present in the vascular endothelidl smooth
muscle cells that are found in the wall of the bla@ssels. Additionally, estrogen can weaken the walls [42]
leading to the changes that cause varicositieshidned been identified in the histological sectidwsteworthy, that
the difference between the result of the curramystind those reported B\dewale et aJ40] may be attributed to
the different ages of the mice at which the BPA wadministered. In the current study, BPA was adsténed in
pre-pubertal stage unlike the other study in whioh mice were exposed in the neonatal stage. NaloB&A
exposure is known to disrupt ovarian developnj4i.

On the other hand, after one week administratioioge female citric acid subgroup showed more promed

changes where the ovaries showed proliferatiomeifrterstitial stromal cells of the medulla thatsanot observed
in the artificial saliva subgrouffig.6).
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Fig (6): Photomicrograph of an ovary tissue sectioof female mouse, as a representative of citrical subgroup after one week showing
graffian follicles (f) and corpus luteum(c) at thecortex with proliferation (circled area ) of interstitial stromal cells in the medulla (t)
(H&E x 40

This can be explained by the fact that interstgtabmal cells of the ovaries contain high numldfeERa receptors
and BPA is known to have high affinity to bind teese receptors. These cells are known to proldenater the
effect of estrogen hormorjé3]. These results are relevant to those describdebly et al.[44] who observed that
BPA increased cell proliferation of interstitiatatal cells of the ovary through increasing thecgsn response
element (ERE) activity on the DNA. This cellularofiferation decreased after two weeks to severelygested
blood vessels of the ovaries while the hormonalalabce subsided after three months to normal bigicdl
morphology.

It has been observed that, all the histopathogibainges that were observed in the ovaries of fermide of
artificial saliva subgroup after one week subsidér two weeks and three montfihis could be due to the
neglected amounts of BPA in the administrated insmer media after day six. This is consistent wgtkvious
study which indicated that the amount of circulgtBBPA in blood is related to the intensity of theagan disease in
women[45].

il ‘g R N '
s oS AP RN

Fig. (7): Photomicrograph of testis tissue sectioof male mouse, as a representative of test groupgS1(x artificial saliva x 2 weeks)
showing normal histological structure of mature ade seminiferous tubules (S) (H&E 40 x) similar figings were observed in all other
variables combinations
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On the other side, the histological examinatiomafe mice testes showed no histopathologicalaiten. Normal
histological structure of the mature active senairtifis tubules with complete spermatogenic series vedserved
in male mice for all materials among the two subgoof artificial saliva and citric acid and aloalj the study
periods (one week, two weeks, and three morabshown irFig.(7).

These results are contradictory with those repobiedl-Hiyasat et al[46] who found that leached components
from resin-based dental composites significantfeciéd the fertility of male mice and reduced theights of the
testes and the seminal vesicles as well. Thisréiffee may be attributed to the fact that this fagtedy used large
specimens' size compared to the animal weights.alswlutilized 96% ethanol for extraction of comipoand each
specimen was sonicated daily for two hours pricimtmersion in ethanol. All these factors are coesed extreme
conditions for extraction of BPA which are not repentative of the less aggressive oral environment.

CONCLUSION

Based on the results obtained from the presenysthéd following conclusions could be drawn: (a)APan be
effectively released from composites and sealgb)sthermocycling and acidic pH enhance the reledsBPA
from resin based restorative materials , (c) theasee of BPA is confined to the first six days aftelymerization of
the specimens and female mice were more affectatrthales, (d) the released BPA from the testedriaktevith
maximum doses 417.5 micrograms had no effect disteEmale mice and (e) the estrogenic effect thaght be
induced from a newly placed restoration or sealeilitdecrease over time. However, such a conclugiannot
exclude some additive or synergistic effect withestxeroestrogens present in the oral environment.
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