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INTRODUCTION 
 
Tetrabromobisphenol (TBBPA) accounts for a large part of the world production of 
brominated flame retardants. It is used in the manufacture of plastics, textiles 
electronic boards and upholstering foams. Little is known about the fate of this 
chemical in the environment, and even less about its biotransformations in human. It 
was previously shown in rat that the main metabolic routes of TBBPA were the 
conjugation of one or both phenolic moieties of the molecule, to glucuronic acid or 
sulphate1. Using 14C-labeled TBBPA, we carried out in vitro metabolic studies using 
human microsomal and S9 fractions (microsomes + cytosol), with similar experiments 
being carried out in rat for comparison. The metabolism of TBBPA was followed by 
HPLC with on-line radioactivity detection. 
 
MATERIALS AND METHODS 
 
14C-TBBPA was synthesized by bromination of 14C-bisphenol A (Moravek 
Biochemicals, USA) following a method derived from Susãn et al.2. It was purified by 
thin layer chromatography and HPLC. 
Rat sub-cellular liver fractions (microsomes and S9) were prepared from male and 
female Wistar rats (n=3). Pooled Human sub-cellular liver fractions from men and 
women were obtained from TEBU, France. 
Incubations were carried out using 2,500 to 5,000 Bq 14C-TBBPA, fortified with 
unlabeled TBBPA (Aldrich, France) to reach concentrations ranging from 20 to 500 
µM. They were achieved at pH 7,4 with a duration of two hours. Control assays (no 
NADPH generating system) were carried out for all types of fractions. 
Metabolic profiling was achieved by HPLC with on-line radioactivity detection, using 
methods derived from Zalko et al.3. Major metabolites were purified using C18 
cartridges and HPLC separation, and their structure was investigated by mass 
spectrometry, using a LCQ Finnigan ion trap spectrometer (Thermo Quest, France) 
and electrospray as the ionization technique, in the negative mode. 
 
RESULTS 
 
14C-TBBPA was obtained with a specific activity of 1264 Bq/µg. Its radio-purity, 
checked by HPLC, was 99.8 %. 
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Following in vitro assays completion, radioactivity recovery from the incubation 
supernatants was greater than 90% for liver microsomal fractions, and close to 100% 
for liver S9 fractions, with no significant difference being observed between males and 
females, nor between rat and Human. 
Liver S9 incubation supernatants analyzes, carried out without NADPH generating 
system, led to the formation of a single major metabolite with a retention time of 12.5 
min (figure 1). This metabolite was shown to co-elute with the authentic standard 
TBBPA-glucuronide, previously synthesized at the laboratory. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The structure of BPA glucuronide was confirmed by mass spectrometry. However, 
when TBBPA was incubated with sub-cellular fractions (either microsomes or S9) in 
the presence of a NADPH generating system, the formation of additional metabolites 
was observed. In these conditions, TBBPA-glucuronide formation rate (figure 2) 
reached a maximum of 0.8 nmoles/mg of protein/hour in male rats for incubations 
carried out with liver S9 fractions. TBBPA glucuronidation rates were found to be in 
the same range in men, but were much lower in female rat and women.  
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Figure 2: 
TBBPA glucuronide 
formation rates in 
incubations of TBBPA 
with liver S9 fractions 
from Human and rat  
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Figure 1: 
Radio-HPLC profile obtained 
after incubating TBBPA (20 µM)
with male rat S9 liver fractions 
without an NADPH generating 
system. 
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Besides TBBPA glucuronide, several other metabolites were detected on radio-
chromatograms (figure 3), including a metabolite exhibiting a lower polarity than 
unchanged TBBPA in our chromatographic system (metabolite IV). The formation of 
most of these compounds is P450-dependent, since they are not formed when the 
NADPH generating system is not added to incubation media. It is detailed for 
metabolite IV in figure 4. Metabolite III was identified as hydroxylated TBBPA. The 
structure of the other metabolites is still under investigation. 
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  Figure 4: metabolite IV formation in incubations of TBBPA with liver S9 
fractions from Human and rat  
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Figure 3: 
Radio-HPLC profile obtained 
after incubating TBBPA (20 µM)
with women S9 liver fractions 

Time (min)

Metabolite IV formation 
nmoles / mg of protein / hour 



 382

Radio-HPLC analyzes of the supernatants of incubations carried out with liver 
microsomes demonstrated the formation of two major metabolites, with similar 
retention times as metabolites II and IV, while no TBBPA glucuronide was produced, 
as expected under the experimental conditions that were setup for these incubations.  
 
DISCUSSION AND CONCLUSIONS 
 
The formation of TBBPA glucuronide occurs in vitro both when TBBPA is incubated 
with Human, or rat liver S9 fractions. However, other metabolic pathways are also 
involved in TBBPA metabolism, and the formation of some major in vitro metabolites 
of TBBPA, either with liver microsomes or with liver S9 fractions, appears to be P450 
dependent. The structure of these metabolites is under investigation. Small amounts of 
hydroxy-TBBPA have been identified. Metabolites resulting from oxidative 
biotransformations of TBBPA are formed in vitro, and no major qualitative difference 
of metabolite profiling is observed between Human and rat, nor between males and 
females. 
 
REFERENCES 
 
(1) Hakk H, Larsen G, Bergman A, Orn U. Metabolism, excretion and distribution of 

the flame retardant tetrabromobisphenol-A in conventional and bile-duct 
cannulated rats. Xenobiotica. 30:881-890, 2000. 

(2) Susãn AB, Ebert DA, Duncan WP. Synthesis of 14C-labeled flame retardants. 14C-
labeled tetrabromophtalic anhydride and tetrabromobisphenol. A. J. Label. 
Compound Radioph. 16: 579-589, 1978. 

(3) Zalko D, Soto AM, Dolo L, Dorio C, Rathahao E, Debrauwer L, Faure R, Cravedi 
JP. Biotransformations of bisphenol A in a mammalian model: answers and new 
questions raised by low-dose metabolic fate studies in pregnant CD1 mice. 
Environ. Health Perspect. 111:309-319, 2003. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	Table of Contents: 
	Author Index: 


