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INTRODUCTION
Brominated flame retardants (BFRs), are an emerging group of persistent organic pollutants, widely used in a variety of consumer p ucts, which activity as endocrine disruptors (EDs) has already been
experimentally demonstrated for some congeners. At present, only a small amount of experimental data are available for biological activities or physico-chemical properties of these substances. To overcome
the problem of insufficient experimental data, the QSAR/QSPR approach can be applied to predict the missing information. These techniques, which use is recommended under the REACH regulation, also
allow the screening and prioritisation of ch for experi with a reduction of costs and of the number of tested animals. In this work the physico-chemical properties (Henry’'s law
constant (LogH), melting point (T,), sub-cooled liquid vapor pressure (logP, ), water solubility (logS), octanol-air partition coefficient (logK,,) and octanol-water partition coefficient (logK,,), photolysis
degradation constant (k,), and har} life (HL,)), and the endocrine disrupting activity (aryl hydrocarbon receptor binding affinity, anti progestinic activity, T4-TTR competing potency and E2SULT inhibition
potency) of 223 BFR have been modeled by SAR. The experimental data available for the studied properties were taken from literature [1-5].
The here prop dels were d loped according to the OECD principles for QSAR in the regulation of chemlcals [6], thus particular attention was paid to the validation and the applicability domain of our
new models. Reliable predictions for the studied endpomts were provided for all the BFRs bel to the ch of the dels. The here pr d QSPRs, could be used to fill data gaps according
to the new REACH regulation, facilitating the screening and prioritisation of chemicals and the identification of more problematic compounds.

This topic is included in the FP7- EU Project CADASTER under negotiation. MATERIALS and METHODS

DATA SET The experimental data were taken from the literature [1-5]. The selected responses MULTIPLE LINEAR REGRESSION MODELS and Variable Selection were
included physico-chemical properties (Henry’s law constant (LogH), melting point (T,), sub-cooled | performed by Ordinary Least Squares regression (OLS) method [9].

liquid vapor pressure (logP ), water solubility (logS), octanol-air partition coefficient (logK,,), EXTERNAL VALIDATION

octanol-water partition coefficient (logK,,), photolysis degradation constant (k;), and half-life
(HL))), and the endocrine distrupting activity (aryl hydrocarbon receptor binding affinity, anti
progestinic activity, T4-TTR competing potency and E2SULT inhibition potency). The experimental
data set, very restricted in most of the cases, was formed by some PBDE congeners and other BFRs
(i.e. BPA, TBBPA, HBCD).

MOLECULAR DESCRIPTORS

C> 615 molecular descriptors (0D; 1D; 2D; 3D) were calculated by the software DRAGON [7].

C> 4 quantum-chemical descriptors (Highest Occupied Molecular Orbital (HOMO), Lowest
Unoccupied Molecular Orbital (LUMO), HOMO-LUMO gap (DHL) and the ionisation potential (P ion)) (Vverified by QZext).

were calculated by the semi empirical PM3 Hamiltonian for the geometry optimisation method|® Check of the quality of the best models by Residuals and Williams plot
available in the HYPERCHEM package [8]. ¢ Applicability Domain (AD% for 223 BFRs) verified by leverage approach.

RESULTS

Prediction set selection based on the molecular structure (by Kohonen
Maps - Artificial Neural Networks (K-ANN) [10]) or using the Random by
response approach.

TOOLS OF VALIDATION AND DIAGNOSTICS

Models were developed taking into account the recently proposed OECD
principles for QSAR validation [6].

¢ Internal (by Q2,4, and Q2 o, Y-scrambling) and external validation

ENDOCRINE DISRUPTION ACTIVITY MODELS

Endpoint Variables Endpoint Obj. Tr. Variables R? Q%00 Q%xr | AD%23
LogH 7 BEHe7 | 96.87 Log1/RBA 18 RDF035v RDFOSOv | 86.13 | 79.34 | 93.5 89.7
Tm 26 X2A 84.56 Log1/ICsoPRant 19 GATS8e EEig09x 83.45 76.85 79.9 95.5
tog? f; L(o;’) 9981'683 ooe s Log1/IC,,T4-TTR 12 MATS1v C-024 98.69 | 97.44 - 96.9
o9 orzom - : - - cipal Component Log1/IC,,E2SULT 16 X5Av GATS2 87.96 | 83.69 - 98.7
LogKoa 30 T(0..Br) 97.37 96.78 99.55 87.9 50 P = . =

Analysis

LogKow 20 T(0..Br) | 96.44 | 95.63 | 94.9 91.9
LogkK, 15 Mw 94.91| 93.83 - 91.0
LogHL, 7(0..Br)
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CONCLUSIONS

> Different QSAR models for prediction of physico chemical properties and endocrine disrupting potencies of BFRs, particularly PBDE, were proposed; the AD was
verified for 223 BFRs. The developed models have good predictive power, and were verified by internal and, when possible, external validations.

» The combination of the predicted and experimental chemical-physical properties and degradation data by PCA allowed for the identification of a profile of the
environmental behaviour of BFRs: tri - penta BDE were detected as the compounds of highest persistence and potential for long range transport.

» According to RBA experimental data [4], all predicted RBA values show weaker AhR affinity than the reference toxicant TCDD (< 2-5 orders of magnitude).

» T4-TTR competing potency seems greater for highly brominated diphenyl ethers (hepta-nonaBDEs), as well as for diBDEs, and for all the other BFRs, specially
2,4,6-TBP and TBBPA, whose TTR-binding potency exceeds that of the natural ligand T4.

» E2SULT inhibition potency appears moderate for almost all PBDEs (except mono-diBDEs) and high to very high for the other BFRs, particularly M/Di/Tri/TBBPA.
These BFRs are more potent than the well-known inhibitor pentachlorophenol (PCP).

» According to the literature [5], a correlation was found between T4-TTR competing potency and E2SULT inhibition. In agreement with this, our models predicted a
moderate and  high toxicity respectively for highly brominated BDE congeners and BFRs with hydroxylated aromatic group.

> At this stage of the research it was not possible to define a quantitative dependency of toxicity from the number and the position of Br atoms in the molecules.

A new FP7-EU project (CADASTER) will model also flame retardants properties and activities for REACH regulation.
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