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Abstract
Decabromodiphenyl ether (decaBDE), as a flame retardant, is widely produced and used. To study the thyroid disruption by technical
decaBDE at low concentrations, Xenopus laevis tadpoles were exposed to technical decaBDE mixture DE-83R (1–1000 ng/L) in
water from stage 46/47 (free swimming larvae, system of Nieuwkoop and Faber) to stage 62. DE-83R at concentration of 1000 ng/L
significantly delayed the time to metamorphosis (presented by forelimb emergence, FLE). Histological examination showed that DE83R at all tested concentrations caused histological alterations – multilayer follicular epithelial cell and markedly increased follicle size
accompanied by partial colloid depletion and increase in the peripheral colloid vacuolation, in thyroid glands. All tested concentrations
of DE-83R also induced a down-regulation of thyroid receptor mRNA expression. These results demonstrated that technical decaBDE
disrupted the thyroid system in X. laevis tadpoles. Analysis of polybrominated diphenyl ethers (PBDEs) (sum of 39 congeners) in X.
laevis indicated that mean concentrations of total PBDEs in X. laevis exposed to 1, 10, 100, 1000 ng/L were 11.0, 128.1, 412.1, 1400.2
ng/g wet weight, respectively. Considering that PBDEs burden of X. laevis tadpoles was close to PBDEs levels in amphibians as reported
in previous studies, our study has raised new concerns for thyroid disruption in amphibians of technical decaBDE at environmentally
relevant concentrations.
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Polybrominated diphenyl ethers (PBDEs), as a class
of brominated flame retardants, are used in a variety
of consumer products including polymers and textiles.
In the past 3 decades, PBDEs have become ubiquitous
environmental contaminants. They have been detected in
soil, air, water, sediments, and biota including human
samples (Liang et al., 2008; Mariussen et al., 2008; Wu
et al., 2008). Commercially used technical PBDE products
are pentabrominated BDE (pentaBDE), octabrominated
BDE (octaBDE) and decabrominated BDE (decaBDE).
Due to the increasing evidence about their toxicity and
bioaccumulation (Mariussen and Fonnum, 2003; Eljarrat
et al., 2004), the production of penta- and octaBDE was
banned in the European Union in 2004 and in several
states in U.S.A. (e.g., California, Maine, and Hawaii) in
2006. However, commercial decaBDE (almost entirely
BDE-209), is currently still produced and globally used.
Furthermore, BDE-209 was found in many biota samples

(Sjödin et al., 1999; Eljarrat et al., 2007; Liang et al.,
2008). There is particular concern for toxic effects of decaBDE/BDE-209.
Numerous studies have demonstrated that lower brominated PBDE congeners can disrupt the thyroid system
(Talsness et al., 2008; Zhou et al., 2002). However,
to date, little is known about whether decaBDE/BDE209 has thyroid disrupting activity. In early studies on
PBDEs, BDE-209 was generally believed to have low
bioaccumulative potential and biological activity due to
its relatively high molecular weight and high octanolwater partition coefficient (Norris et al., 1975; El Dareer
et al., 1987). However, recent studies have reported that
a high level of BDE-209 has been found in animals and
human samples (Liang et al., 2008; Thomas et al., 2006;
Medina et al., 2008). These reports have raised a concern
about safety of decaBDE/BDE-209 application. Recently,
Tseng et al. (2008) reported that pregnant mice were
gavaged with BDE-209 at high doses (10, 500, and 1500
mg/(kg·day)) caused changes in the thyroid glands and
the serum triiodothyronine (T3 ) levels in mouse offspring.
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DE-83R was purchased from Great Lakes Chemical
Corporation (USA). Dimethylsulfoxide (DMSO) was from
Sigma Chemical (USA). TRIzol reagent was from Invitrogen Canada Inc., Canada. Quant Reverse Transcriptase was
from Tiangen Biotech, China. Hematoxylin and eosin are
purchased from Beijing Chemical Factory (China). Polychlorinated biphenyl (PCB) 209 used as internal surrogate
standards was obtained from Supelco (USA). An EPA
method 1614 standard solution of 39 PBDE congeners
(mono-BDEs 1, 2, and 3; di-BDEs 7, 8, 10, 11, 12, 13,
and 15; tri-BDEs 17, 25, 28, 30, 32, 33, 35, and 37; tetraBDEs 47, 49, 66, 71, 75, and 77; penta-BDEs 85, 99,
100, 116, 118, 119, and 126; hexa-BDEs 138, 153, 154,
155, and 166; and hepta-BDEs 181, 183, and 190, from
Accustandard (USA) spiked with EO-5278 (BDE-28, 47,
99, 100, 153, 154, 183, and 209, from Cambridge Isotope
Laboratories, USA) and analytical standard BDE-205 and
BDE-206 (Supelco, USA) were used to quantify PBDE
congeners.
1.2 Animals and husbandry
Tap water was dechlorinated by filtering with active
charcoal and sand for raising X. laevis frogs and tadpoles.

In some studies, experimental animals were usually
exposed to waterborne PBDEs at 5–500 µg/L level (Kuiper
et al., 2008). However, the PBDEs concentrations do not
generally exceed 10 ng/L in water in the environment
(Streets et al., 2006; Wu et al., 2008). Therefore, in the
present study, we chose series of the nominal concentrations of DE-83R ranging from 1 to 1000 ng/L in the
experimental water. The exposure of tadpoles was initiated
with stage 46/47 (free swimming larvae on the fifth day
post-fertilization), system of Nieuwkoop and Faber (1956).
The stock solution of DE-83R was prepared in DMSO.
Experimental water containing series of nominal concentrations of DE-83R (1, 10, 100, 1000 ng/L) was prepared
by adding the stock solution to dechlorinated water. The
concentrations of DMSO in all exposure groups did not
exceed 0.001% (V/V). The solvent control (SC) received
200 µL DMSO in 20 L water (0.001%). Each treatment
contained two replicated glass tanks with 35 tadpoles per
tank (i.e., 350 tadpoles were used in this experiment). All
tanks with the same size and shape contained 20 L water.
The experimental water was completely replaced twice
weekly. Tadpoles were raised at (22 ± 2)°C with a 12 hr
light/12 hr dark cycle. Throughout the exposure, all tanks
were monitored daily for the malformation or abnormal
behavior of tadpoles. Dead tadpoles were removed from
the tanks as soon as they were observed. After forelimbs
emergence (FLE), stage 57/58, cumulative percentage of
FLE, an endpoint for evaluating metamorphosis time,
in each treatment was recorded. Tadpoles were fed live
Artemia daily.
1.4 Analysis of PBDEs concentration and PBDEs burden in X. laevis
At the beginning of exposure experiment, the actual PBDEs concentration in the experimental water was
monitored at day 1–4 after adding the DE-83R stock
solution in each exposure group. The water samples
were passed through a XAD-2 resins column (Supelco,
Bellfonte, USA), which was pre-extracted with methanol,
dichloromethane and hexane, to enrich PBDEs. Each
XAD-2 column was eluted with hexane, acetone and
dichloromethane. The collected eluent was concentrated
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1.1 Chemicals

1.3 Exposure of X. laevis to DE-83R

c.

1 Materials and methods

The range of dissolved oxygen in water was 6–8 mg/L, of
pH was 6.50–7.20, of total hardness was 47.0–47.5 mg/L
CaCO3 . Sexually mature female and male X. laevis (two
years old, obtained from the Institute of Developmental Biology of the Chinese Academy Sciences.) were maintained
separately in glass tanks at (22 ± 2)°C with a 12 hr light/12
hr dark cycle and fed chopped pork liver once a week. Two
pairs of X. laevis were simultaneously induced to breed
by injecting human chorionic gonadotropin (male 500 IU,
female 1000 IU) (Sive et al., 2000). And eggs from both
breeding pairs were used. After eggs were laid, the females
and males were taken from the breeding tank. Fertilized
eggs were incubated at (22 ± 2)°C with a 12 hr light/12
hr dark cycle. Starting on the fifth day post-fertilization,
tadpoles were fed live Artemia daily.

.a

Further studies are needed to determine whether exposure
to decaBDE/BDE-209 at low doses affect the thyroid
system.
Amphibians are good model animals for evaluating thyroid disruption because they endure a dramatic process of
metamorphic development controlled by thyroid hormone.
Xenopus laevis is an amphibian species widely used as
a model for developmental biology. Some studies have
demonstrated that X. laevis is a suitable amphibian model
for thyroid disruption research (Huang et al., 2005; Fort et
al., 2007). Several metamorphosis assays including morphological, thyroid pathology, biochemical and molecular
measures have been established in several laboratories
(Degitz et al., 2005; Opitz et al., 2006a, 2006b; Oka
et al., 2009). Furthermore, OECD has also developed a
set of endpoints for evaluating thyroid disruption using
amphibian metamorphosis (OECD, 2004). Recently, there
are several reports involving effects of PBDE congeners
on Xenopus metamorphosis. Balch et al. (2006) reported
that commercial pentaBDE mixture (DE-71) significantly
inhibited the tail resorption and delayed metamorphosis
in X. laevis. Schriks et al. (2006) reported that BDE-206
disrupted thyroid hormone-mediated tail tip regression of
X. laevis tadpoles.
To evaluate the ecotoxicological risk of technical decaBDE at low concentrations, in the present study, we
chose the time to forelimb emergence (FLE), thyroid
histology and thyroid receptor (TR) mRNA expression in
X. laevis as endpoints, which were used in previous studies
(Opitz et al., 2006a, 2006b), to assess thyroid disruption by
technical decaBDE (DE-83R, 98.5% BDE-209).
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Total RNA was separately extracted from individual tadpole tail tissue with TRIzol reagent according to the manufacturer’s protocol. The RNA pellets were re-dissolved
in 100 µL RNase-free water (diethyl pyrocarbonate-treated
water). UV-absorbance of RNA solutions was measured at
260 and 280 nm to estimate RNA content and quality of
each sample.
1.7 Semi-quantitative RT-PCR
Complementary DNA (cDNA) was reverse transcribed
from 1µg total RNA using Quant reverse transcriptase.
RNA was incubated with 20 pmol oligo(dT) primer
(sequence: 50 -CCTGAATTCTAGAGCTCA(T)15-30 ) in a
10-µL reaction at 70°C for 3 min followed by cooling on
ice. After addition of 5 nmol of each dNTP, 10 units QuantRT and the reaction buffer (20 mmol/L Tris-HCl, pH
8.3, 40 mmol/L KCl, 2 mmol/L DTT, 5 mmol/L MgCl2 )
supplied with the enzyme, the resultant 20 µL reaction was
heated at 37°C for 60 min, 94°C for 2 min, and was then
cooled on ice.
Primers for thyroid receptor βA (TRβA) and the housekeeping gene elongation factor 1α (EF) were designed according to Opitz et al. (2006b). Primers were obtained from
Sangon (Sangon Biological Engineering Technology and
Services, Shanghai, China). The following gene-specific
primers were used in the polymerase chain reaction (PCR):
TRβA (forward) 50 -GTCGCTTCAAAAAGTGCATCG30 ; TRβA (reverse) 50 -ACCCTCGGGCGCATTAACTAT30 ; EF (forward) 50 -TGCCAATTG TTGACATGATCCC30 ; EF (reverse) 50 -TACTATTAAACTCTG ATGGCC-30 .
PCR was carried out in a 25-µL reaction mixture containing 3 µL of cDNA solution as template, 6 nmol of each
dNTP, 10 pmol of each genespecific PCR primer and the
Taq PCR Master Mix (1.25 unit of Taq DNA Polymerase,
50 mmol/L Tris-HCl, pH 8.7, 4 mmol/L MgCl2 ) (Tiangen
Biotech, China). PCR amplification was performed in
a GeneAmpr PCR System 9700 (Carlsbad, USA). The
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Tadpoles at stage 62 are undergoing metamorphic
climax. The peak of thyroidal activity is indicated by
characteristic tissue structure, such as larger cell height of
follicular epithelia. In addition, TR mRNA expression is
strong in tail tissues at metamorphosis climax. Therefore,
tadpoles at stage 62 were randomly chosen to examine
effects of DE-83R on thyroid gland histology and TR
mRNA expression. Twelve tadpoles from each treatment
were immobilized by chilling on ice. Tail tissues were
removed and immediately frozen in liquid nitrogen and
stored at –80°C until RNA was extracted. Lower jaws
containing the paired thyroid glands were completely

1.6 Total RNA isolation

c.

1.5 Histological examination of thyroid gland

removed and fixed in Bouin’s fixative. Tissue samples were
dehydrated in a graded series of alcohol, embedded in
paraffin, and sectioned in a transverse plane from dorsal
to ventral at 5 µm thickness. Serial sections were mounted
on glass slides, stained with hematoxylin and eosin, and
covered with glass coverslips. Then, thyroid sections were
examined with a light microscope. We used the method
described by Opitz et al. (2006a) to determine epithelial
cell heights in thyroid glands. In brief, serial sectioning
throughout the whole right lobe of the thyroid gland
was performed to trace individual follicles throughout
the lobe and to identify a total of five different sections
containing different follicles. For each of the preselected
sections, the histological integrity of all follicles present
was assessed. Three different follicles were then randomly
selected, and the height of four epithelial cells per follicle
was determined, resulting in a total of 60 measurements
per individual. For each animal, a single mean value for
epithelial cell height was calculated and five tadpoles were
analyzed for each treatment group.

.a

and solvent exchanged to hexane, and reduced the volume
to approximately 200 µL under a gentle stream of nitrogen.
To analysize PBDEs burden in X. laevis, three tadpoles
at stage 62 from each tank as a mixture sample (two
replicates per treatment) were frozen at –20°C until further processing. The sample extraction and cleanup, the
instrumental analysis conditions and the criteria used for
congener identification and quantification were performed
as described by Liang et al. (2008). Briefly, the samples were freeze-dried and homogenized with anhydrous
sodium sulfate, followed by Soxhlet extraction with hexane/dichloromethane for 24 hr. Then, the samples were
cleaned up with multilayer silica gel column. The final
extract volume was reduced to 20 µL under a gentle stream
of nitrogen.
All sample extracts were analyzed on an Agilent 6890
series gas chromatograph coupled to an Agilent 5973 mass
spectrometer using negative chemical ionization (NCI) in
the selected ion monitoring (SIM) mode. The congeners
were monitored at m/z 79 and 81 (for PBDE congeners
except BDE-209), and m/z 486.7 and 488.7 (for BDE209 only). The PCB209 was detected at m/z 496 and 498.
Identified PBDEs congeners were confirmed, and their
concentrations were measured using an external quantification standard consisting of known amounts of all the
target compounds.
The method precision and recovery were determined by
analyzing fish tissue that was spiked with PBDEs standard.
One procedural blank was run for every batch of nine
samples to check the potential contamination from analysis
process. Instrumental quality control was done by regular
injection of solvent blanks and standard solutions. The
recoveries ranged from 85% to 115% for all the analytes
with the exception of three mono-BDE congeners. The low
recoveries of mono-BDE congeners might result from their
relative high vapor pressure and volatilization loss during
extraction and concentration procedure. Therefore, in this
study the concentrations of mono-BDE congeners were
not included in the statistical analysis. The recoveries of
surrogate in all samples ranged from 85% to 110%. The
limit of detection (LOD) was defined as the concentration
of analyte in the sample producing a peak with the ratio
of signal to noise of 3 (peak-to-peak). LODs were in the
range of 0.001 to 0.05 ng/g for di- to nona-BDE, and 0.1
ng/g for deca-BDE.
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cycling conditions were the follows. For TRβA: 94°C for
2 min, 30 cycles of 94°C for 45 sec, 67°C for 45 sec and
72°C for 45 sec, followed by extension at 72°C for 10 min;
for EF: 94°C for 2 min, 20 cycles of 94°C for 45 sec,
60°C for 45 sec and 72°C for 45 sec, followed by extension
at 72°C for 10 min.
Amplified PCR products were electrophoresed on a
1.0% agarose gel and stained with ethidium bromide (EB).
The images of EB-stained gels were taken using the gel
documentation system GBox (SynGene, UK). Following
a background subtraction, the intensity of separated bands
was quantified using the band analysis quick guide tools
provided by the system. Densitometric measurements of
scanned agarose gels from EF-specific RT-PCR reactions
revealed that EF mRNA expression was not influenced by
PBDEs exposure. Thus, densitometric values for EF were
used to normalize TRβA values.

Table 1
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Actual mean concentrations of PBDEs measured in
experimental solutions (ng/L, n = 2)

Nominal
concentration

Day 0

Day 1

Day 2

Day 3

Day 4

1
10
100
1000

1.1
9.8
99.9
999.8

0.6
6.0
56.9
649.2

0.5
5.2
47.3
581.4

0.3
3.2
36.7
388.6

0.1
2.0
22.8
225.2

1.8 Data analysis

2.2 Survival and metamorphosis
No malformation or abnormal behavior was observed
in any treatment. Besides natural mortality, mechanical

2.3 Histology of thyroid gland
Tadpoles (n was 10–12) at stage 62 from each group
were examined for histological alterations in the thyroid
glands. Thyroid glands from tadpoles in the SC group were
characterized by fairly uniform follicles lined by a single
layer of cuboidal follicular epithelial cells. The colloid
showed homogeneous tinctoral properties, and peripheral
vacuolation of the colloid was minimal (Fig. 3a). All of
the examined specimens from tadpole exposed to DE83R exhibited histological alterations to different degrees
(Table 2). Exposure to 1, 10 and 100 ng/L DE-83R
resulted in multilayer follicular epithelial cell (Fig. 3b,
c). No obviously different concentration dependence was
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At the beginning of exposure experiment, the actual
PBDEs concentration in the experimental water was monitored at day 1–4 after adding the DE-83R stock solution
in each exposure group, and results are shown in Table 1.
PBDEs in X. laevis were not detected in controls. The mean
concentrations of total PBDEs in X. laevis increased with
the increase of DE-83R concentration in the water (1 ng/L,
(11.0 ± 1.4) ng/g ww; 10 ng/L, (128.1 ± 42.5) ng/g ww;
100 ng/L, (412.1 ± 62.2) ng/g ww; 1000 ng/L, (1400.2
± 129.0) ng/g ww) (Fig. 1). The PBDEs burden of X.
laevis tadpoles was dominated by BDE-209. Percentages
of BDE-209 from total PBDEs in tadpoles of X. laevis were
approximately 96% (1 ng/L), 99% (10 ng/L), 99% (100
ng/L), and 99% (1000 ng/L), respectively. Small amount
of low brominated congeners, such as BDE47, 99, 85, 154,
153, 183 was detected in X. laevis tadpoles, while BDE205 and -206 were not detected.

c.

2.1 PBDEs concentration in the experimental water
and burden in X. laevis

damage, in the process of transferring tadpoles at stage
46/47 from the hatching tank to exposure tanks and
changing water at initial several times, led to low survival.
Compared with the SC group (72.9 ± 2.0)%, the survival
rate (tadpoles reaching stage 62 among 35 tadpoles from
each tank) was not significantly different from 1 ng/L
(71.4 ± 0.0)%, 10 ng/L (70.0 ± 6.1)%, 100 ng/L (70.0 ±
2.0)%, and 1000 ng/L (74.3 ± 4.0)% DE-83R treatment
groups. The first tadpoles displaying FLE were observed
on exposure day 27 in the SC group (2 tadpoles) and in
10 ng/L (1 tadpole) treatment group. The onset of FLE
were observed on day 29 in 1 ng/L (4 tadpoles), 100
ng/L (3 tadpoles), and 1000 ng/L (1 tadpole) treatment
groups. Compared with the SC group, the time to FLE
was significantly delayed in 1000 ng/L treatment group.
However, a concentration dependent trend of metamorphic
delay was observed in the other treatment groups (Fig. 2).

.a

2 Results

Fig. 1 Body burden of total PBDEs (sum of 39 congeners) in X. laevis
tadpoles at stage 62 with exposure to technical decaBDE (0, 1, 10, 100,
1000 ng/L). Exposure of tadpoles was initiated at stage 46/47, and body
burden of total PBDEs was analyzed when individual tadpoles reached
stage 62.
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All the statistical analyses were performed using SPSS
software version 13.0 (SPSS, USA). The survival rate of
tadpoles from each treatment was tested using one-way
ANOVA followed by a post-hoc test. Differences in the
time to FLE were analyzed by one-way ANOVA followed
by a post-hoc test to compare each DE-83R treatment with
the control group. Treatment groups were compared with
respect to TRβA expression values normalized by EF expression values and epithelial cell heights in thyroid glands
using one-way ANOVA followed by a post hoc multiple
comparison. Individuals were treated as replicates in the
statistical tests. Differences were considered significant at
P < 0.05.
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2.4 TRβA mRNA expression
As shown in Fig. 5, all tested concentrations of DE83R (1, 10, 100, 1000 ng/L) induced a significant decrease
in TRβA mRNA expression in tail tissue compared with
the SC group. A multiple comparison test showed that
the decrease in TRβA expression was significantly less in
1 ng/L treatment group than other concentration groups,
while no difference was found among 10, 100, 1000 ng/L
decaBDE.

3 Discussion

observed. Markedly increased follicle size accompanied
by partial colloid depletion and increase in the peripheral
colloid vacuolation were noted at 1000 ng/L DE-83R
(Fig. 3d). Follicular cell height was determined in a subset
of thyroid glands to evaluate quantitatively the treatmentrelated changes in follicular cell morphology. Compared
to the SC group, a statistically significant increase in the
mean epithelial cell height was observed in thyroid glands
from tadpoles exposed to 100 and 1000 ng/L DE-83R but
not in other treatment groups (Fig. 4).
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Fig. 2 Effects of technical decaBDE exposure on fore limb emergence
(FLE) of X. laevis tadpoles compared with SC. Exposure of tadpoles was
initiated at stage 46/47, and the cumulative percentage of FLE (mean ±
standard deviation) is shown for each treatment group (n = 51, 50, 49, 49,
52 tadpoles in SC, 1, 10, 100, and 1000 ng/L treatment group).

Recently, several authors reported that lower PBDE congeners at higher doses relative to environmentally relevant
concentrations could affect metamorphosis in amphibians.
For example, Balch et al. (2006) reached the conclusion
that commercial pentaBDE mixture (DE-71) in the diet
at nominal doses of 1000 and 5000 µg/g significantly
inhibited the tail resorption and delayed metamorphosis
in X. laevis. Carlsson et al. (2007) reported that dietary
exposure to BDE-99 at 1 mg/g had a similar impact on
West African clawed frog (Xenopus tropicalis) metamorphosis. The authors concluded that effects of PBDEs on
metamorphosis might be of thyroid disrupting origin. In
the present study, we found a delay of the time to FLE
among X. laevis exposed to waterborne DE-83R at 1000
ng/L and a delay trend in other treatments. This result
suggests that DE-83R is able to delay metamorphosis of
X. laevis tadpoles.
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c.

Fig. 3 Histology of thyroid glands from X. laevis tadpoles at stage 62 with exposure to commercial decaPBDE (1, 10, 100, 1000 ng/L) compared
with SC. Exposure of tadpoles was initiated at stage 46/47, and thyroid gland was sampled when individual tadpoles reached stage 62. In comparison
to results observed in the solvent control group (a), multilayer follicular cell were observed at 1 (b) and 100 ng/L (c) technical deca-PBDE. Markedly
increased follicle size and increase in the peripheral colloid vacuolation and partial colloid depletion were noted at 1000 ng/L technical decaBDE (d).
Sections of 5 µm thickness were stained with hematoxylin and eosin (n = 10–12 tadpoles per treatment group). Bar = 100 µm.
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Histological alterations in thyroid glands of X. laevis tadpoles (at stage 62) exposed to technical decaBDE from stage 46/47 to stage 62
compared with solvent control

Nominal concentration
(ng/L)

Collected
samples

Examined
samples

Samples with
abnormal histology

Thyroid histology

SC

10

10

0

1
10
100
1000

12
12
12
12

12
10
10
12

12
10
10
12

Single layer of follicular epithelial cells;
minimal peripheral vacuolation of the colloid
Multilayer follicular epithelia
Multilayer follicular epithelia
Multilayer follicular epithelia
Increase in follicle size and the peripheral colloid vacuolation;
partial colloid depletion

Fig. 4 Effects of technical decaBDE (1, 10, 100, 1000 ng/L) exposure
on epithelial cell heights (µm) in thyroid glands of X. laevis tadpoles.
Treatment with 0.001% DMSO served as SC. Exposure of tadpoles was
initiated at stage 46/47, and thyroid gland was sampled when individual
tadpoles reached stage 62. Columns and bars are means and standard
deviations (n = 5 animals per treatment group). Significant differences
from the control group are marked by asterisks.

Fig. 5 Thyroid hormone receptor βA (TRβA) mRNA expression in
X. laevis at stage 62 with exposure to technical decaBDE (1, 10, 100,
1000 ng/L) compared with SC. Panel A shows agarose gel images of
amplified cDNA fragments for TRβA (295 bp) and the housekeeping
gene elongation factor 1a (EF, 285 bp). M indicates DNA marker. Panel
B shows results from densitometric analyses of scanned agarose gels.
TRβA values were normalized by EF values. Data are shown as mean
± SD (n = 8 tadpoles per treatment group). Different letters denote means
that are significantly different. All tested dose of DE-83R (1, 10, 100,
1000 ng/L) induced a significant decrease in TRβA mRNA expression in
tail tissue compared with the SC group. Multiple comparison test showed
that the difference in TRβA mRNA expression among 10, 100, 1000 ng/L
decaBDE was not statistically significant. However, there was statistically
significant difference in TRβA expression between 1 ng/L DE-83R and
other groups.

.a

c.
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Thyroid hormones control amphibian metamorphosis by
regulating target gene transcription via interaction with
TRs (Tata et al., 1963, 1966, 1974). The expression
of X. laevis TRβA, one of TR subunits, is low during
premetamorphosis, and increases throughout prometamorphosis, and peaks at metamorphic climax (approximately
stage 62) (Manzon and Denver, 2004). Some studies have
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Histological changes in the thyroid gland are classical
approach to detect thyroid effects of chemicals (Capen,
1997). Some studies involving X. laevis tadpoles exposed
to anti-thyroidal compounds reported histological changes
in the thyroid gland (Opitz et al., 2006a; Goos et al.,
1968; Tietge et al., 2005). In previous studies, increased
incidences of thyroid follicular cell hyperplasia as well
as follicular cell adenomas and carcinomas were observed
in decaBDE-treated mice (NTP, 1986). Decreased colloid
area and increased follicular cell heights were observed
in commercial pentaBDE mixture (DE-71) treated rats
(Stoker et al., 2004). In the present study, we found that
technical decaBDE DE-83R at 1, 10, and 100 ng/L resulted
in multilayer follicular epithelial cell, while it at 1000
ng/L caused a increase in follicle size accompanied by
partial colloid depletion and a increase in the peripheral
colloid vacuolation. In addition, DE-83R at 1000 ng/L also
caused an increase in the epithelial cell height. Although
we cannot explain why thyroid histological changes caused
by DE-83R were independent on concentration at the
range of 1–100 ng/L and were different between 1000
ng/L and 1–100 ng/L, the results have showed that the
effects of DE-83R on thyroid tissue were obvious at the
concentration range of 1–1000 ng/L. Histological changes
might provide one of explanations for the delay or delay
trend of metamorphosis caused by DE-83R.
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Occurrence and bioavailability of polybrominated diphenyl
ethers and hexabromocyclododecane in sediment and fish
from the Cinca River, a tributary of the Ebro River (Spain).
Environmental Science and Technology, 38(9): 2603–2608.
Eljarrat E, Labandeira A, Marsh G, Raldúa D, Barceló D, 2007.
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