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Introduction 
 
Brominated flame retardants (BFRs) are chemicals used in all kind of materials for electronic and daily 
apparatuses, to reduce fire risks. These compounds act in the gas phase of the fire by reacting with free 
radicals generated during combustion, thus terminating the reaction (Rahman et al., 2001). From an 
environmental point of view, BFRs have become an increasingly important group of organohalogen 
compounds, which include among others polybrominated diphenyl ethers (PBDEs), tetrabromobisphenol 
A (TBBPA) and hexabromocyclododecane (HBCD) isomers (de Wit, 2002). The global production of 
only the PBDEs was about 40,000 tons in 2001 (Darnerud et al., 2001). PBDEs can be divided into three 
major commercial mixtures, Penta-, Octa- and Deca-BDEs. The first two have been recently banned in 
Europe and in the near future also in North America, through voluntary actions by the industry. PBDEs 
have been found in the abiotic and biotic environment; they are generally lipophilic and persistent thus 
have the potential to bioaccumulate and biomagnify (Gill et al., 2004). Since mid 1970-1980s, a 
substantial increase in PBDE concentrations for example in mother’s milk could be observed (Meironyte 
et al., 1999). However, a slight decrease in environmental samples during the last 5 years in North Europe 
has been observed (Sellstrom et al., 2003), probably due to the ban of the Penta- and Octa-BDE mixtures. 
PBDE metabolites, mainly tetrabromo- and pentabromo- methoxylated PBDEs (CH3O-PBDEs) and 
hydroxylated (OH-PBDEs), have also been detected in blood and to a lesser extent in adipose and liver 
tissues, of a limited number of fish, bird, and mammalian species (Marsh et al., 2006). Some of these 
PBDE metabolites have also been detected in human blood (Hovander et al., 2002). A number of OH-
PBDEs have previously been isolated and structurally identified as natural compounds in marine sponges 
and in ascidians (tunicates) (Kitamura M, 2005). All naturally accuring OH-PBDEs in these marine 
organisms have a hydroxyl group at the ortho position relative to the ether bound, and are exemplified by 
6-OH-BDE47 and 2'-OH-BDE68 (Maervoet et al., 2004). In vitro studies have shown how some of these 
OH-PBDEs can bind competitively to the thyroid hormone transport proteins such as transthyretin (TTR) 
(Meerts et al., 2000). Further, some OH-PBDEs may cause estrogenic effects in vitro (Meerts et al., 
2001). Antiandrogenic effects have been shown previously in vitro for some of the BFRs, specially 
PBDEs, using AR-CALUX reporter gen system ; in some cases the potency was higher that for natural 
ligands (Hamers et al., 2006). Using the human adrenocortical carcinoma cell line (H295R), some of the 
PBDE derivatives were shown to significantly inhibit CYP19 (aromatase) and CYP17 activity, which are 
key enzymes in steroidogenesis; although to some extent, these inhibitory effects were due to cytotoxicity 
(Canton et al., 2005; Canton et al., 2006). In order to establish and study the possible effects of BFRs and 
PBDE metabolites on the androgen receptor (AR), a new highly specific yeast androgen bioassay was 
used (Bovee, 2006; Nielen et al., 2006). Different controls and test compounds were tested on both their 
potential agonistic as well as their antagonistic potency. 



 

Material and Methods 
 
Chemicals  
In this study, the recombinant yeasts cells were exposed to a selection of BFRs i.e., tetrabromobisphenol 
A  (TBBPA), hexabromocyclododecane (HBCD), 2,4,6-tribromophenol (TBP), and a number of PBDEs 
and their hydroxy or methoxy derivatives (Table 1). The compounds were synthesized at the Wallenberg 
Laboratory (Stockholm University, Sweden), purchased at 2.5mM, and then different concentrations (from 
0.01 up to 25 µM ) were used to test in the yeast androgen bioassay. 
Yeast androgen bioassay  
The yeast biosensor expressing the human androgen receptor (hAR) and yeast enhanced green fluorescent 
protein (γEGFP) in response to androgens was developed at RIKILT – Institute of Food Safety, The 
Netherlands (Bovee, 2006). Antagonistic properties of test compounds were examined by co-exposure to a 
concentration of 5α-dihydrotestosterone (DHT, 50 nM) that induces half of the maximum response. 
Data analysis  
Each sample concentration was tested in triplicate. Graphs, statistical significant differences among means 
(one-way ANOVA) and IC50 calculations were done using Prism 3.0 (GraphaPad Software Inc. San 
Diego, CA, USA). 
 
Results and Discussion 
 
Recombinant yeast cells that express the human androgen receptor (AR) and yeast enhanced green 
fluorescent protein (γEGFP) as a reporter protein in response to androgens were used in order to assess the 
possible AR agonistic and antagonistic potency of a selected group of BFRs and PBDE metabolites. 
Results of 40 different compounds in the yeast androgen assay after a 24h exposure are shown in Table 1. 
All compounds were tested at concentrations ranging from 0.01 up to 25 µM. The specificity of the test 
was demonstrated with exposures to flutamide, a positive control for androgen antagonisme, and 17β-
estradiol and dexamethasone, negative controls for both estrogen (ER) and glucocorticoid receptor (GR) 
agonism. Interestingly, none of the compounds tested exhibited agonistic potencies in the yeast androgen 
bioassay. However, 19 out of 40 BFRs and PBDE derivatives showed antiandrogenic effects when they 
were co-exposed with DHT, the most potent endogenous AR ligand, at a concentration that caused a half 
maximum response in the assay (50 nM). Significant AR antagonism was found for BDE19, 39, 79 and 
TBP, which concentration-dependently decreased the DHT-induced response with more than 50% and at 
25 µM (see Table 1). Flutamide completely decreased DHT-induced fluorescence with an IC50 value of 1 
µM. Exposures to the OH-PBDEs resulted in a concentration-dependent antiandrogenicity in most of the 
cases, with reduction of DHT-induced response between 50 and 90% of control. Some of the CH3O-
PBDEs also displayed antiandrogenic activity, but not more than 50% of DHT-induced response, except 
for 2-CH3O-BDE28 which showed a decreased of almost 90% at the highest concentration tested (see 
Table 1). Previous in vitro experiments using the AR-CALUX methodology, showed similar 
antiandrogenic behaviours of these compounds, but in some cases with higher potencies compared to our 
results (Meerts et al., 2001; Hamers et al., 2006). From these studies and our results, we conclude that 
some of the BFRs and especially some PBDEs metabolites exhibit antiandrogenic properties. Even in 
some cases with the same potency as flutamide, a selective AR antagonist.  
Further experiments are needed in order to see possible cytotoxic effects of test compounds to yeast cells 
and a specific AR binding affinity assay will be used to corroborate present results. 



 

Table 1 
# Compound AR ago 

(% at 25 µM) 
AR anta 

(% at 25 µM) 
1 BDE-19 n.e. 7.67 ± 0.44* 
2 BDE-28 n.e. n.e. 
3 BDE-47 n.e. n.e. 
4 BDE-49 n.e. n.e. 
5 BDE-79 n.e. 63.63 ± 4.8* 
6 BDE-100 n.e. n.e. 
7 BDE-155 n.e. n.e. 
8 HBCD n.e. 84.8 ± 1.63 
9 BDE-39 n.e. 46.64 ± 5.5* 
10 TBP n.e. 5.68 ± 1.26* 
11 BDE-99 n.e. 40.41 ± 35.25 
12 BDE-127 n.e. n.e. 
13 BDE-169 n.e. n.e. 
14 BDE-183 n.e. n.e. 
15 BDE-190 n.e. n.e. 
16 BDE209 n.e. n.e. 
17 6OH-BDE47[1] n.e. 13.16 ± 5.73* 
18 3OH-BDE47[1] n.e. 32.5 ± 1.99* 
19 4OH-BDE49[1] n.e. 13.9 ± 5.9* 
20 5OH-BDE47[1] n.e. 25.5 ± 5.96* 
21 2OH-BDE28[1] n.e. -7.8 ± 2.84* 
22 2OH-BDE66[1] n.e. 56.9 ± 30.9 
23 2OH-BDE68[1] n.e. n.e. 
24 4OH-BDE17[1] n.e. 0.45 ± 0.6* 
25 6CH3O-BDE47[1] n.e. n.e. 
26 3CH3O-BDE47[1] n.e. 59.3 ± 2.8* 
27 4CH3O-BDE49[1] n.e. 76.6 ± 3.2* 
28 5CH3O-BDE47[1] n.e. 86.4 ± 4.6* 
29 2CH3O-BDE28[1] n.e. 16.1 ± 1.32* 
30 2CH3O-BDE66[1] n.e. n.e. 
31 2CH3O-BDE68[1] n.e. n.e. 
32 4CH3O-BDE17[1] n.e. 85.6 ± 7.2 
33 4OH-BDE42[1] n.e. n.e. 
34 6OH-BDE49[1] n.e. n.e. 
35 6OH-BDE90[1] n.e. 35.65 ± 48.05 
36 2,2’OH-BB80[1] n.e. n.e. 
37 4CH3O-BDE42[1] n.e. n.e. 
38 6CH3O-BDE49[1] n.e. n.e. 
39 6CH3O-BDE90[1] n.e. n.e. 
40 2,2’CH3O-BB80[1] n.e. n.e. 
41 DHT 50 nM (½ max.) n.e. 
42 Flutamide (IC50 ± 1 µM) n.e. < 30% 0.1 mM 
43 E2 n.e. n.e. 
44 Dexametasone n.e. n.e. 
n.e. not established 
[1]Max.concentration of PBDE metabolites was 30 µM 
* Stadistical significant decrease 
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