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The xenoestrogenic  substance  bisphenol-A is widely  used  as  a  synthetic  precursor  of resin

monomers,  such  as  bisphenol-A diglycidyl methacrylate.  Reports describing the release  of

bisphenol-A from  polymerized  resin  into saliva  have  aroused  considerable  eoneern  regarding

exposure  to xenoestrogen  by dental treatment.  The  purpose of the present study  was  to demon-
strate  a  reliable  methodology  of detecting the trace amounts  of  bisphenol-A in dental materials.
Bisphenol-A  was  separable  from  bisphenol-A diglycidyl methacrylate,  which  is often  employed

as  the principal dirnethacrylate monomer,  by selective  extraction  with  a  Sep-Pak  C18 cartridge.
Using this extraction  method  in combination  with  a  gas-chromatography  mass-spectrometry,

we  have obtained  evidence  that all unpolymerized  materials  used  in this study  were  contami-

nated  with  bisphenol-A.  Quantitative analysis  using  a deuterium-labeled compound  as  an  inter-
nal  standard  revealed  bisphenol-A contents  in commercial  dental  materials  ranging  from<1
"g/g  material  to about  20ptg/g material.  The  polymerized  dental materials  released  up  to 91.4
ng  bisphenol-A /g material  into phosphate  buffered saline  during 24-h incubation. These re-

sults  indicate that bisphenol-A can  be released  from  dental materials,  however  the  leachable

amount  would  be less than  1!1000 of  the reported  dose  (2pglkg body  weight!day)  required  for
xenoestrogenlslty  Ln  vwo.
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                              INTRODUCTION

Recent reports  describing the presence  ef  bisphenol-A (BPA, Fig. 1) in dental materi-

alsi) have arousod  considerable  concern  regarding  exposure  to xenoestrogen  by dental
treatement2). Fe]dman  et al,3) first reported  that BPA  acts  as  an  estrogenic  substance

and  can  be released  from polycarbonate flasks during autoclaving.  As  BPA  is the
starting  material  for manufacture  of  bisphenol-A diglycidyl methacrylate  (bis-GMA,
Fig. 1), whieh  is often  employed  as  the principal dimethacrylate monomer  in dental
materials,  Olea et al.i) attempted  to determine the xenoestrogen  in the resin  compos-

ites and  fissure sealants  frequently used  in restorative  and/or  pediatric dentistry.
They  showed  in vitro  xenoestrogenisity  of  the bis-GMA based sealant  and  identified
BPA  by high performance  liquid chromatography  (HPLC) and  gas  chromatography-

mass  spectrometry  (GC-MS). Furthermore, they  demonstrated that BPA  up  to 931
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labeled BPA  (D-BPA, CisDi602=244.ea) was  obtained  frorn Aldrich Chemical Co. Inc.
(Milwaukee, WI). Sep-Pak Plus cartridges  (short body) were  obtained  from  Waters

Corp. (Milford, MA).  N,O-bis (trimethylsilyl) trifluoroacetamide  (BSTFA) with  1 %

trimethylchlorosilane  (TMCS) was  purchased from Pierce (Rockford, IL).

Polymerization of Dental Materials
Commercial  unpolymerized  materials  were  irradiated in a  cylindrical  glass tube  (4
mm  in diameter × 5 mm  in hight) with  a  visible  light source  for 60 sec,  The proce-

dure has been reported  to achieve  an  adequate  degree of  polymerization of  bis-GMA

based materialsT).  The  polymerized  samples  were  carefully  removed  from  glass tube

and  incubated in 10 ml  of  phosphate buffered saline  (PBS) for 24 h at  37℃ ,

7:hin Layer  Chromatograpdy  Analovsis

A  mixture  of equal  amounts  of  BPA  and  bis-GMA (1 mg)  prepared with  40%  metha-

nol  was  introduced into the Sep-Pak C18 cartridge  preconditioned  with  100% methanol

(10 ml)  and  water  (10 ml).  The  cartridge  was  sequentia]ly  passed  with  3 ml  each  of

40, 50, 60, 70, and  sw% methanol.  The  eluate  was  evaporated  to dryness under  a  ni-

trogen  stream  and  the residue  was  dissolved in 100# 1 of  100% methanol.  A  portion

of  the extraet  was  spotted  onto  a  TLC  plate (silica gel oo F254) and  developed with

ethyl  acetate:hexane  (1:2).

Extraction of Bisphenol A  from Dental Materials
For  detection of  BPA  in unpolymerized  dental materials,  a  stock  solution  at  a  concen-

tration of  10 mgfiml  was  prepared  in a light protected glass tube  with  100%  methanol.

After eentrifugation  (3000 rpm,  10 min)  to remove  insoluble filler, a  portion (100rd)
was  transferred  to 10 ml  of  40%  methanol  and  applied  to a  Sep-Pak C18 cartridge

that had been preconditioned  with  100%  methanol  (10 ml)  follewed by distilled water

(10 ml).  When  polymerized  materials  were  tested, PBS  extracts  were  directly applied

onto  the preconditioned  cartridge.  To  quantify  the BPA  content,  50 or  200 ng  of  D-

BPA  as  an  internal standard  was  added  to the solution  of  dental materials  before ex-
traction. The cartridge  was  washed  with  10 ml  of  40%  methanol  and  eluted  with  5 ml

of  70%  methanol,  The eluate  was  evaporated  to dryness under  a  nitrogen  stream  at

40℃ and  dissolved in 100pt1 of  a  sylilation  reagent  consisting  of  BSTFA  containing  1

96 TMCS,  The  reaction  was  carried  out  at  60℃ for 1 h. After derivatization, the ex-

cess  reagent  was  evaporated  under  a  nitrogen  stream  and  the residue  was  dissolved
in 50yl of  ethyl  acetate  for GC-MS  analysis,

Gas  Chromatograpdy-Mass  Elpectrornetr y Analysis

A  portion  (1pt1) of  silylated  extracts  of  dental materials  was  introduced into a  GC-

MS  system  (Hewlett Packard 5890A-5970B, Palo Alto, CA), equipped  with  an  apolar

GC  capillary  column  HP-1 (30 mXO.25  mm ¢ , O.25"m film thickness, Hewlett
Packard) and  a  splitless  injector, The temperature programming  was  as  follows; 100
℃ (5 min),  100-3oo℃ (20℃ x'min),  300℃ (5 min).  The  temperature  settings  for the
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injector and  a  transfer ]ine were  200℃ and  3oo℃ , respectively.  Electron-impact mass

spectra  were  obtained  at  70 eV  and  are  reported  as  m/z.  Data  was  collected  with  ei-

ther a  scan  mode  or  a  selective  ion monitoring  (SIM) mode  to identify or  to quantify

the compound,  respectively.  Ions at  m/z  357 and  3os were  selected  for SIM ana]ysis

of  BPA  and  its deuterium derivative, respectively,

                                RESULTS

Sletective Extraction of BPA
A  mixture  consisting  of  equal  amounts  of  bis-GMA and  BPA  was  introduced into a

Sep-Pak C18 cartridge  and  eluted  with  increasing concentrations  of  methanol.  Com-

ponents  in the eluate  were  monitored  by silica gel based TLC.  Figure 2 illustrating

a  typical result  of  the solid  phase  extraction  indicated that the cartridge  retained  all

the applied  components  since  no  apparent  band  was  observed  in the wash-through

(lane 1, 40% methanol)  and  so%-methanol (lane 2) fractions. BPA  that moved  faster
than  bis-GMA  on  the TLC  appeared  in the eo%-  and  70%-methanol  fractions, though

no  apparent  BPA  band  was  observed  in the 80%-methanol  fraetion (lane 5). In con-

ee
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Typical profile of  thin layer chro-

matography  (TLC) of  BPA  and  bis-
GMA.A

 mixture  of  the equal  amounts  of

BPA  and  bis-GMA  was  prepared
with  40%  methanol  and  introduced
into the Sep-Pak C18 cartridge  pre-
conditioned  with  100% methanol

and  water,  The cartridge  was  se-

quentially passed with  3 ml  each  of

40--80% methanol  as  illustrated. A

portion  of  the eluate  was  spotted

onto  the TLC  plate (silica gel 60
F254)  and  analyzed  under  UV  ra-

diation.
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plied to the Sep-Pak cartridge  and  the 40 to 70%  methanol  fraction was  obtained.

Extracts were  further derivatized by silanized  reagents  and  subjected  to GC-MS
analysis.

   The  TMS  derivative of  authentic  BPA  showed  a  single  peak  at  13.3 min  on  an

apolar  column  (Fig. 3), The electron  impact (EI) mass  spectra  of  TMS-BPA  indicated
ions at  m/z  372 as  a molecular  ion (M'), m/z  357 as  a  base peak  and  other  relative

minor  ions, such  as  m/z  171, m/z  191, and  m/z  207. The  TMS  derivative of  bis-GMA
extracts  showed  a  peak at  13.3 min  on  the total ion chromatogram,  suggesting  that

EI mass  spectra  appeared  to be identical to TMS-BPA  in terms of  the ion fragmenta-

tion and  relative  abundanee  (Fig. 4), These results  indicate that bis-GMA actually

contains  a  certain  amount  of  BPA.  The  mass  chromatography  using  the base peak
ion revealed  a  single  peak  at  13.3 min  indicating that BPA  was  only  the component

showing  a  fragment ion of  m/z  357 in the bis-GMA  extracts.
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Fig,4Gas  chromatography-mass  spectrometry  (GC-MS) profile of  the trimethylsilyl  deriva-

tive of  bis-GMA  extracts,

One  mg  of  Bis-GMA  was  introduced into the Sep-Pak  C18 cartridge  and  the 40'7e%

methanol  fractiQn was  obtained,  The  fraction was  further reacted  with  N,O-bis

(trirnethylsilyl) trifluoroacetimide  and  1%  trimethylchlorosilane  and  analyzed  by  GC-

MS.  The  upper  panel  shows  the mass  spectrum  of  a  peak  indicated by an  arrow  on  the

total ion chromatogram  illustrated on  the lower panel.
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Detection of BPA  in Dental Materials
We  next  attempted  to determine whether  BPA  could  be detected in unpolymerized  den-

tal materials.  A  typical result  from  GC-MS  analysis  of  dental materia]s  is shown  in

Fig.5. No  obvious  peak was  observed  on  the total ion chromatogram  when  a

silanized  sample  of  a  fissure sealant  was  introduced to GC-MS  (Fig. 5, lower panel).
However, a  peak having a  retention  time  of  13.3 min,  exactly  same  as  that of  authen-

tic BPA  standard,  was  observed  on  the mass  chromatogram  at  m/z  357 (Fig. 5, upper

panel), indicating that trace amounts  of  BPA  are  present  in commercial  dental mate-

rials. We  also  determined peaks of  TEGDMA  and  2-HEMA,  components  that may  in-

terfere with  BPA  detection by HPLC,  on  the total ion chromatogram  (Fig, 5, lower

panel). These peaks  were  well  separated  from  BPA;  thus, the present  procedure  using

a  capillary  GC  column  is suitable  for microanalysis  of the xenoestrogen  in dental ma-
terials.
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Fig.5Gas  chromatography-mass  spectrometry  (GC-MS) profile of  the trimethylsilyl  deriva-
tive of  a  fissure sealant  extracts.

One mg  of  Teeth Mate  A  was  subjected  to extraction  with  Sep-Pak C18 as  described in
the legend to Fig,4 and  in the Materials and  Metheds, The TMS-derivative of the ex-

tracts was  analyzed  by GC-MS.  The  upper  panel shows  a  mass  chromatogram  at m!'z

357, which  is a  major  fragment  of  TMS-BPA  as  shown  in Fig. 4. The  lower panel
shows  the total ion chromatogram,
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   No  obvious  evidence  showing  the presence  of  BPA  in bonding agents  or  composite

resins  was  detected by GC-MS  analysis  at  the scan  mode,  However, selective  ion

monitoring  (SIM) analysis  using  a  BPA-derived specific  ion, m/z  357, revealed  a  peak
showing  the same  retention  time  as  that of  authentic  TMS-BPA  not  only  in the seal-

ant  but also  in the other.rnaterials,  such  as  composite  resins  and  a  bonding agent

used  in this study  (not shown).

Quantitative Andysis  of BPA  in Dental  Materials

To  analyze  the concentration  of  BPA  in dental materials,  we  utilized  D-BPA  as  an  in-
ternal standard.  The  TMS  derivative of  D-BPA  that eluted  from  the GC  capillary  col-

umn  faster than the TMS-BPA,  resulting  in good  separation  of  these compounds  on

the chromatogram.  The  ratio  of  the base peak to the molecular  ion was  simi]ar  when

TMS-BPA  and  its deuterium labeled eompound  were  compared.  Thus, we  used  ions of

m/z  357 and  368, the base peaks  of  TMS-BPA  and  TMS-D-BPA, respectively,  in the

following SIM  analysis.  A  certain  amount  of  authentic  BPA  and  the fixed amount  of

the internal standard  were  dissolved in 40%  methano]  and  subjected  to the Sep-Pak

extraction.  Although  TMS-derivatives of  the standard  revealed  fluctuations in the ab-

solute  intensities of  the signal,  the ratio  of  BPA  to D-BPA  was  apparently  stable

(variations were  within  10%  of  mean  values).  In addition,  the absolute  intensity of

the D-BPA  derived peak  in samples  frorn which  dental materials  were  extracted  was

higher than that in the standard  alone.  These results  indicate an  adsorptive  property

of  BPA  during the extraction  procedure. On  the other  hand, D-BPA  was  shown  to

contain  approximately  2.3% of  BPA  as  an  impurity, which  was  calculated  from an

absolute  calibration  curve  of  the authentic  standard.  Therefore, correction  of  the

standard  curve  was  carried  out  accordingly.  The  presence of  BPA  in the internal

standard  raised  the question  of  reliable  quantification. Therefore, a confidential  limit
of  BPA  in the present system  was  set  tobe  1 ng/mg  material;  more  than  the amount

derived from  the internal standard,  since  50 ng  of  D-PBA  may  contain  1.2 ng  BPA.

   We  analyzed  the BPA  content  in 3 brands of  the fissure sealant,  3 composite  res-

ins, and  one  dentin bonding agent.  Unpolymerized dental materials  showed  a  variety

of  BPA  contents  ranging  from  less than 1 ng/mg  material  to about  20 ng/mg  mate-

rial  (Table 1). There was  no  correlation  between the type  of  materia]  and  BPA  con-

tent, In addition,  different brands of  fissure sealant  from  the same  company  showed

obviously  different BPA  contents;  specifically,  the older  brand, Teeth Mate  A, was

shown  to contain  about  20 ng/mg  material,  and  less than  1 ng/mg  rnaterial  was  ob-

served  in the newer  brand, Teeth Mate F-1

   Next we  attempted  to determine the BPA  amount  leached  from  polymerized den-

tal materials.  A  resin  composite  and  fissure sealants  that showed  relatively  high con-

centrations  of  BPA  were  polymerized  in glass tubes by visible  light radiation  for 1
min.  Substances leaching out  of  these polymerized materials  into PBS  were  subjected

to extraction  followed by GC-MS  analysis  (Table 2). Up to 91 ng  BPA/g  material

was  released  in vitro  during 24 h incubation. Further elution  of  BPA  was  observed

when  the polymerized  resin  composite  was  immersed  in fresh PBS  and  incubated for
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