
12          Biomed Environ Sci, 2018; 31(1): 12-22 

 
*This work was supported by the National Natural Science Foundation [No.21407179]. 
△These authors contributed equally to this work. 
#Correspondence should be addressed to XI Zhu Ge, Tel: 86-23-84655024, E-mail: zhugexi2003@sina.com 
Biographical notes of the first authors: SUN Ru Bao, male, born in 1980, doctor, associate professor, majoring in 

environmental toxicology; SHANG Shuai, female, born in 1990, postgraduate, majoring in molecular biology. 
 
 

Original Article 

Endocrine Disruption Activity of 30-day Dietary 
Exposure to Decabromodiphenyl Ethane in Balb/C Mouse* 

SUN Ru Bao1,△, SHANG Shuai2,△, ZHANG Wei2, LIN Ben Cheng2, 

WANG Qiang1, SHI Yun1, and XI Zhu Ge2,# 

1. Institute of Disease Prevention and Control, Chinese People's Liberation Army, Beijing 100071, China;       
2. Institute of Health and Environmental Medicine, Academy Military Medical Sciences, Tianjin 300050, China 

Abstract 

Objective  This study aimed to evaluate the hepatotoxicity, metabolic disturbance activity and 
endocrine disrupting activity of mice treated by Decabromodiphenyl ethane (DBDPE). 

Methods  In this study, Balb/C mice were treated orally by gavage with various doses of DBDPE. After 
30 days of treatment, mice were sacrificed; blood, livers and thyroid glands were obtained, and hepatic 
microsomes were isolated. Biochemical parameters including 8 clinical chemistry parameters, blood 
glucose and hormone levels including insulin and thyroid hormone were assayed. The effects of DBDPE 
on hepatic cytochrome P450 (CYP) levels and activities and uridinediphosphate-glucuronosyltransferase 
(UDPGT) activities were investigated. Liver and thyroid glands were observed. 

Results  There were no obvious signs of toxicity and no significant treatment effect on body weight, or 
liver-to-body weight ratios between treatment groups. The levels of ALT and AST of higher dose 
treatment groups were markedly increased. Blood glucose levels of treatment groups were higher than 
those of control group. There was also an induction in TSH, T3, and fT3. UDPGT, PROD, and EROD 
activities were found to have been increased significantly in the high dose group. Histopathologic liver 
changes were characterized by hepatocyte hypertrophy and cytoplasmic vacuolization. Our findings 
suggest that DBDPE can cause a certain degree of mouse liver damage and insufficiency. 

Conclusion  DBDPE has the activity of endocrine disruptors in Bal/C mice, which may induce 
drug-metabolizing enzymes including CYPs and UDPGT, and interfere with thyroid hormone levels 
mediated by AhR and CAR signaling pathways. Endocrine disrupting activity of DBDPE could also affect 
the glucose metabolism homeostasis. 
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INTRODUCTION 

ecabromodiphenyl ethane (DBDPE) is a 
brominated flame retardant (BFR) used 
as an additive of flammable material to 

decrease the risk of accidental fire. It is used in a 
broad range of polymers, in products ranging from 
consumer electronics to wire and cable coatings and 
insulating foams. 

For several decades, BFRs have been a controversial D 
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group of chemicals. Flame-retardants protect lives 
by increasing fire safety, but at the same time, 
several BFRs are considered as environmental 
contaminants such as polybrominated diphenyl 
ethers (PBDEs), tetrabromobisphennol A (TBBPA), 
which have been extensively used. Due to their 
persistence, bioaccumulation and biomagnification 
at food webs, long-range transportation and toxicity, 
such as endocrine disruption activity, the production 
and use in European Union was banned, and 
subsequently was phased out from USA and other 
countries. Moreover, several BFRs were classified as 
persistent organic pollutants and listed for global 
elimination compounds under the Stockholm 
Convention[1,2].  

Currently DBDPE is one commercially important 
alternative flame retardant which was predicted to 
be one of the most widely use flame retardants of 
the thermoplastics industry[3]. Due to large 
molecular size, low aqueous solubility and biological 
availability, DBDPE was believed to be rarely 
released into the environment and have low toxicity; 
DBDPE has a similar structure with PBDEs and has 
been produced and used for more than 20 years. 
First report on DBDPE was published in 2004[4]. Then 
it was found in sewage sludge, sediment, indoor air[4], 
birds[5] and in a benthic food web[6]. Research 
demonstrated that DBDPE is freely released to the 
surrounding environment, accumulated in animals 
and humans[7-10]. But only limited studies on the 
toxic effects of exposure of DBDPE have been 
conducted. 

Although the in vivo or in vitro studies showed 
the toxicity of DBDPE was low, the potential 
endocrine disruptive action of BFRS, especially to 
PBDEs, has been of concerned recently. Many PBDEs 
are defined as endocrine-disrupting chemicals (EDCs) 
due to their structural similarity to endocrine 
hormones, such as thyroid hormones. A number of 
in vivo and in vitro studies on human, rodent and 
other models show that PBDEs have toxic effects on 
the hypothalamus-pituitary-thyroid axis, thyroid 
hormone metabolism and energy balance. These 
effects were typically observed in patients with 
obesity and metabolic syndromes. Short-term 
exposure to PBDEs also resulted in decline of thyroid 
hormones in rats[11,12]. 

The liver has been considered the primary target 
organ of PBDEs[13,14]. PBDEs could cause the 
induction in hepatic detoxification enzyme activities 
including Phase I cytochrome P450 monooxygenase 
(CYP) enzymes and Phase II conjugation enzymes 

[e.g., uridinediphosphate-glucuronosyltransferase 
(UDPGT), sulfotransferases] which lead to 
metabolism of these chemicals[15-17]. These results 
raised people's concern on the possibility of 
agonizing aryl hydrocarbon receptor (AhR)-mediated 
CYP1A induction; CYP1A1 induction was mediated 
primarily by AhR. The AhR was a transcription factor 
of cytosolic expression that is able to sense a wide 
range of both endogenous and exogenous ligands. 
The resulting structural composition of the AhR 
facilitates the translocation of ligand-AhR complexes 
into nuclei, where they were associated with the 
AhR nuclear translocater and bound to specific 
deoxyribonucleic acid (DNA) recognition sequences, 
notably dioxin-response elements or 
xenobiotic-response elements (XREs) in target genes. 
This increases the transcription of target genes such 
as gene encoding for CYP1A1. Subsequently, the 
affected xenobiotic substance is oxygenated to 
increase its solubility in water and to undergo 
further phase-II conjugation by enzymes such as 
UDPGT and sulfotransferase. This process either 
makes the substrate more polar or eliminates it 
altogether. However, the oxygenation also initiates 
the production of active intermediates or 
procarcinogens that form DNA and protein   
adducts, leading to toxicity. Besides the 
AhR-mediated CYP1A induction, the pregnant X 
receptor (PXR) is also a promiscuous nuclear 
receptor for both xenobiotic chemicals and 
endogenous metabolites, and has been reported to 
coordinate hepatic responses with the constitutive 
androstane receptor (CAR). It also regulates the 
expression of CYP2 and CYP3 genes which are 
related with liver injury[18,19]. 

Furthermore, while the mechanisms of PBDEs 
that induced the decline of circulating thyroid 
hormones concentrations are unclear, induction of 
metabolising enzymes via AhR, PXR, or CAR can 
interfere with the homeostasis of thyroid hormones. 
Their interaction initiates a cellular response, e.g. the 
transcription of specific genes, among them genes 
encoding proteins responsible for the metabolism of 
xenobiotics[20-23]. Research data demonstrated that 
environmental exposure to PBDEs was positively 
associated with human diabetes prevalence, which 
was strengthened by the animal experiment  
results showing that PBDEs could significantly 
increase high fasting glucose in rats. The result 
indicated that PBDEs might induce the disorder of 
glycometabolism and potentially result in the onset 
of diabetes[11,24-26]. 
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In the previous studies, we have found that 
DBDPE can cause a certain degree of rat liver 
damage; and the interference in the level of blood 
glucose in Wistar rats exposed to DBDPE was first 
observed in this work[20]. Research data on metabolic 
disturbance activity and endocrine disrupting activity 
of DBDPE in animals is still lacking. In the present 
study, Balb/C mice were administrated DBDPE in 
corn oil by oral gavage for 30 days. Body weight, liver 
weight and liver-to-body weight ratio were analyzed 
along with 8 clinical chemistry parameters, levels of 
insulin and thyroid hormone including thyronine (T3), 
thyroxine (T4), free triiodothyronine (fT3), and free 
thyroxine (fT4), Thyroid-stimulating hormone (TSH) 
were assayed, and blood glucose levels were 
measured every 5 days. Hepatic enzyme activities, 
including UDPGT and hepatic cytochrome P450 
enzymes were also detected. Histopathological 
changes of liver and thyroid of mice were observed. 
The purpose of this study was to help us understand 
the relationship of hepatotoxicity, metabolic 
disturbance activity and endocrine disrupting activity 
of mice treated by DBDPE. This research would also 
help us understand whether DBDPE can act as an 
endocrine disrupter. 

MATERIALS AND METHODS 

Animals 

Male and female Balb/C mice, weighting 
approximately 22-27 g, were obtained from 
Experimental Animal Central of Academy of Military 
Medical Science (Beijing, China). They were allowed 
to acclimate for one week and observed daily for 
clinical signs of disease prior to the dosing. The 
laboratory conditions were maintained on a 12 h 
light/12 h dark cycle at 25 °C and (50  10)% relative 
humidity. The animals were housed by species and 
sex, 4 mice/cage. The Balb/C mice were given free 
access to standard commercial rodent feed and 
drinking water. Animal care and maintenance was 
conducted in accordance with the applicable 
portions of the Animal Welfare Act, and all animal 
procedures were approved by Institutional Animal 
Care and Use Committee of Academy of Military 
Medical Science. 

Chemicals and Treatment 

A powered mixture of DBDPE was obtained from 
Albemarle Corporation of the United States, which is 
characteristically 98.5% DBDPE, no more data on 

impurities were provided by the supplier. The Balb/C 
mice were separated randomly into treatment 
groups of 16 animals per dose groups, half male and 
half female, such that the mean body weights of all 
groups were statistically comparable at the study 
initiation. Control animals received corn oil only. 
DBDPE was dissolved in corn oil as exposure mixture. 
The doses for the treatment groups were 5, 20, 100, 
and 200 mg/kg body weight per day [mg/(kg·day)]. 
The Balb/C mice were treated orally by gavage 
administration daily for 30 consecutive days. Animals 
were weighed weekly, and observed daily for signs 
of toxicity.  

Mouse blood glucose was measured every five 
days by a portable Roche glucose analyzer (Roche 
ACCU-CHEK® mobile blood glucose monitoring 
system, Roche Molecular Systems, Inc., Switzerland). 
Dose administration was based on the most recent 
individual body weights. After the end of exposure, 
animals were anesthetized with ether. Blood serum 
was drawn for biochemical parameter evaluation. 
Livers and thyroid gland were removed, washed in 
ice-cold physiological saline, and weighed. Portions 
of the livers and thyroid glands were collected and 
immediately frozen in liquid nitrogen, then stored at 
-80 °C until further processing. 

Clinical Chemistry Parameters Assay 

Lactate dehydrogenase (LDH), γ-glutamyl 
transferase (GGT), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), total bilirubin 
(TBIL), indirect bilirubin (IBIL), alkaline phosphatase 
(ALP), and total bilirubin (TBA) of blood serums  
were measured on an autoanalyser (TBA-120, 
Toshiba, Japan) using standard kits from Roche 
Diagnostics. 

Hormone Analysis 

Insulin, T3, T4, fT3, fT4, and TSH of blood serums 
were determine from a single measure on ELISA 
using standard kits from R&D systems (Minnesota, 
USA). All assays were conducted in duplicate.  

Hepatic UDPGT and Cytochrome P450 Enzyme 
Activities Assay 

Microsomes were isolated according to the 
protocol of Melancon et al.[21], and dissolved in    
50 mmol/L sodium phosphate buffer, pH 7.4. The 
microsomal protein concentration was assayed using 
bovine serum albumin (BSA) as the standard by 
bicinchoninic acid (BCA) protein assay kit (Biomed 
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Co., Beijing, China). The UDPGT activity were 
determined by a spectrofluorometric method[22-24], 
which uses p-nitrophenol (Sigma, USA) as the 
aglycone and pure ammonium salt of 
uridine-5-diphosphoglucuronic acid (Sigma, USA) as 
the glucuronyl donor. Reduced enzyme activities in 
the liver were considered as an indication of 
hepatotoxicity. Ethoxyresorufin O-dealkylase (EROD) 
activity was used as a marker of CYP1A activity and 
was measured using a method used by Pohl and 
Fouts[25] as previously described[26]. Pentoxyresorufin 
O-dealkylase (PROD) activity was determined by a 
spectrofluorometric method as a marker for 
CYP2B[27]. Benzyloxyresorufin O-dealkylase (BROD) 
activity was analysed using the P450-GloTM   
CYP3A4 assay kit (Promega, Germany) as a marker 
for CYP3A.  

Histopathological Examination 

Liver and thyroid gland from Balb/C mice in 
control and treatment groups were fixed in 10% 
phosphate-buffered formalin (pH 7.4). Tissues were 
embedded in paraffin and cut into 4 μm-thick slices. 
Liver and thyroid gland sections were stained with 
hematoxylin and eosin. The changes in the liver and 
thyroid gland were evaluated using an Olympus 
AX80 microscope (Olympus Corp., Tokyo, Japan) in a 
blinded fashion. 

Data Analysis 

All values were expressed as mean ± standard 
deviation (n = 16). Absolute and relative organ 
weights were analysed using analysis of variance 
with the body weight at necropsy as a covariate. 
Body weight, liver weight, liver-to-body weight ratio, 
clinical chemistry parameters including blood 
glucose, AST, ALT, LDH, GGT, TBIL, IBIL, ALP, and TBA, 

insulin, TSH, T3, T4, free T3, free T4, UDPGT, and 
cytochrome P450 enzyme activities were compared 
using one-way analysis of variance (ANOVA) with 
comparisons among each group followed by 
Dunnett’s multiple comparison tests. If significant 
heterogeneity of variance was apparent, some data 
transformations were performed prior to the 
statistical analysis. The levels of statistical 
significance were set as P = 0.05. 

RESULTS 

Body Weight, Liver Weight, and Liver-to-body 
Weight Ratio 

Based on our repeated-measures analysis, there 
were no obvious signs of toxicity and no significant 
treatment effect on body weight, or liver-to-body 
weight ratios between treatment groups. Liver 
weight significantly increased only at 200 mg/(kg·day) 
of DBDPE. (Table 1) 

Clinical Chemistry Parameters 

The levels of AST (Figure 1A) and ALT (Figure 1B) 
of different concentration treatment groups were 
markedly increased compared to the control group 
(P < 0.05). Other chemistry parameters including 
LDH, GGT, TBIL, IBIL, ALP, and TBA did not show 
significant differences compared to the control 
group. 

Blood Glucose 

In comparision with control group, there was a 
significant increase in blood glucose levels in the 
treatment groups of 200 mg/(kg·day) starting from 
the 15th day, and 100 mg/(kg·day) from the 20th day, 
and 20 mg from the 30th day (Figure 2).  

Table 1. Body Weight, Liver Weight, and Liver-to-body Weight Ratio 

Treatment Group 
[mg/(kg·day)] 

Body Weight (g)a Liver Weight (g)a 
Liver-to-body 
Weight Ratioa 

0 23.08 ± 2.51 1.08 ± 0.18 0.047 ± 0.009 

5 23.81 ± 2.31 1.22 ± 0.18 0.052 ± 0.006 

20 23.46 ± 2.13 1.22 ± 0.21 0.052 ± 0.003 

100 23.90 ± 1.95 1.21 ± 0.16 0.051 ± 0.008 

200 25.65 ± 2.36 1.38 ± 0.24b 0.054 ± 0.007 

Note. aData are expressed as mean ± standard deviation (n = 16). bSignificantly different from control 
group (P < 0.05). 
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Hormone Analysis 

There was a weak induction in TSH, only 
statistically significant in the treatment group of 200 
mg/(kg·day) (Figure 3A). Serum total T3 was found to 
have decreased significantly for 200 mg/(kg·day) 
(Figure 3B), serum fT3 for 100 mg/(kg·day) and 200 
mg/(kg·day) (Figure 3C). There was a declining but 
not significant change in serum total T4 (Figure 3D), 
fT4 (Figure 3E) and insulin (Figure 3F) in any 
treatment groups. 

Hepatic UDPGT and Cytochrome P450 enzyme 
Activities Assay 

Effects on major xenobiotic metabolizing enzymes 

for phase I metabolism were examined. UDPGT  
and PROD activities were found to have been 
increased significantly for 100 mg/(kg·day) and   
200 mg/(kg·day) (Figure 4A and 4C), and EROD 
activity for 200 mg/(kg·day) (Figure 4B). Compared 
to the control group, no significant changes were 
observed in BROD activity in all treatment groups 
(Figure 4D). 

Histopathological Examination 

Histopathologic liver changes were 
characterized by hepatocyte hypertrophy and 
cytoplasmic vacuolization in mice treated in high 
exposure dose (Figure 5B). No histopathological 
change of thyroid was observed in mice (Figure 5A). 

 

 

Figure 1. Effects of Balb/C mouse treated by DBDPE on selected chemistry parameters including AST (A) 
and ALT (B). Parameters was measured by an autoanalyser. Data represent means ± standard deviation. 
*Statistically significant differences between treatment group and control group were determined by a 
one-way ANOVA (n = 16, P < 0.05). 

 

 

Figure 2. Effects of Balb/C mouse treated by DBDPE on blood glucose. Glucose was measured by a 
portable glucose analyzer. Data represent means ± standard deviation. *Statistically significant 
differences between treatment group and control group were determined by a one-way ANOVA (n = 16, 
P < 0.05). 
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Figure 3. Effects of Balb/C mouse treated by DBDPE on TSH (A), T3 (B), fT3 (C), T4 (D), fT4 (E), and insulin 
(F). TSH, T3, fT3, T4, fT4, and insulin were measured by standard kits. Data represent means ± standard 
deviation. *Statistically significant differences between treatment group and control group were 
determined by a one-way ANOVA (n = 16, P < 0.05). 
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Figure 4. Effects of Balb/C mouse treated by DBDPE on activities of UDPGT (A), EROD (B), PROD (C), and 
BROD (D). Data represent means ± standard deviation. *Statistically significant differences between 
treatment group and control group were determined by a one-way ANOVA (n = 16, P < 0.05). 

 

Figure 5. Thyroid gland from a mouse of the exposure group of 5 mg/(kg·day) (A2), 20 mg/(kg·day) (A3), 
100 mg/(kg·day) (A4), and 200 mg/(kg·day) (A5) shown no significant change compared with the control 
group (A1). Liver from a mouse of the exposure group of 5 mg/(kg·day) (B2), 20 mg/(kg·day) (B3), and 
100 mg/(kg·day) (B4) shown no significant change compared with the control group (B1). Liver from a 
mouse of the exposure group of 200 mg/(kg·day) (B5) show histopathologic liver changes characterized 
by hepatocyte hypertrophy and cytoplasmic vacuolization. 
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DISCUSSION 

Many research studies suggest that the liver is 
the target organ for exposure to flame 
retardants[14,28-30]. In our previous research, we have 
found no significant changes were observed in liver 
and relative liver weights of Wistar rats following 
exposure to DBDPE, indicating that DBDPE at the 
dose of 50-1,000 mg/(kg·day) does not result in 
overt toxicity. But Glu, TBA, ALT, and AST levels 
following exposure to various doses of DBDPE were 
markedly higher in DBDPE treatment groups than in 
control group, indicating that DBDPE could cause 
liver function injury in Wistar rats[20]. In the present 
study, there was also no significant difference in 
body weight, liver weight, or relative liver weight of 
Balb/C mice in addition to liver weight for 200 mg/ 
(kg·day) treatment group, which indicated that  
these dose levels did not cause overt treatment-related 
toxicity effects after 30 days. In this research, 
significant alterations including AST and ALT levels 
were also observed in Balb/C mice by the 
biochemical parameters assay. Histopathologic liver 
changes were characterized by hepatocyte 
hypertrophy and cytoplasmic vacuolization in mice. 
All changes indicated that DBDPE could also cause 
liver damage in Balb/C mice, which may be due to 
possible oxidative stress induced by the 
accumulation of DBDPE or its metabolites even 
though there is limited information regarding the in 
vivo metabolism of DBDPE[10,31,32]. Our present 
research data suggested that the liver is also the 
target organ of DBDPE and it could cause liver 
insufficiency, which is consistent with the PBDEs. 

Our previous research hinted that DBDPE had an 
elevation in blood glucose levels in Wistar rats. In 
this study, we also found that blood glucose 
concentrations in treated mice were 
dose-dependently higher than the control mice; 
measured every 5 days. Blood glucose data 
suggested that the glucose metabolic disorder might 
be caused by DBDPE dosing. We also found that 
there was a declining but not siginificant change of 
serum insulin in the treatment groups compared to 
control group. The mechanism of this disorder was 
not known at this time and needs further research. 
However, the potential of xenobiotics to disrupt 
glucose metabolism in mammals is a well-developed 
theory in toxicology. Indeed, many early toxicity 
responses in animal studies with a range of 
pollutants note glucosuria, increased 
gluconeogenesis[33,34]. For example there was a 

significant decrease in insulin-stimulated glucose 
oxidation, compared with adipocytes from coin 
oil-treated controls, after gavaging Balb/C mouse 
with pentabrominated diphenyl ether (penta-BDEs) 
for 4 weeks[35]. 

Thyroid hormones are important for normal 
growth and development, playing an important role 
in the metabolic balance of animals, such as glucose 
metabolism and lipid metabolism. PBDEs may take a 
key role in destruction of thyroid homeostasis[36-38]. 
In a study involving exposure of rats to PBDEs and 
polychlorinated biphenyls, 14 consecutive days of 
treatment was sufficient to produce observable 
changes in thyroid histopathology[39]. In the present 
study, although DBDPE and PBDEs have similar 
structure, histopathological examination of thyroid 
sections revealed no abnormalities. However, our 
research results on thyroid hormones showed that 
serum TSH, total T3 and fT3 were affected, especially 
fT3, except serum fT4 and total T4, which were 
declining but no significant changes in any of the 
treatment groups, which represent a physiologic 
pattern in the direction of hypothyroidism. 
Furthermore, although we did not observe any 
inverse association with fT4, which would also be 
expected in the case of hypothyroidism, our 
suggestive finding of increased fT3 and total T3 may 
be physiologically consistent. In the hypothyroid 
state, the thyroid may attempt to compensate and 
convert more thyroid hormone to the most 
biologically active form, T3[40,41]. Although we found 
that DBDPE was associated with TSH and T3, it is 
possible that these associations were not 
independent due to the thyroid’s negative feedback 
loop, which results in functional relationships 
between hormones. Our finding of a tendency 
toward lower total T4 was explained through 
experimental research in animals treated by PBDEs. 
Research about rats and mice has revealed that 
PBDEs induce decreases in total T4; and one study 
additionally noted increases in TSH, which is similar 
with our research results[42,43]. PBDEs, decreases in 
total T4 have been certified to be related with 
decreases in T4 binding to transthyretin, one of the 
main thyroid transport protein in rats[44,45]. PBDEs 
also could combine with transport proteins 
competitively and replace T4[46]. Declining tendency 
in total T4 was also related with induction of hepatic 
microsomal enzymes such as CYPs and UDPGT, 
which increased metabolism and elimination of 
thyroid hormones. In addition, mechanism of 
DBDPE-induced thyroid disruption might be related 
with deiodinase activity[37]. Deiodinase are enzymes 
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that activate or deactivate thyroid hormones by 
removing an iodine atom from different locations on 
thyroid hormones, which changes the bioavailability 
of target tissues. PBDEs, acting as a deiodinase 
inhibitor, could prevent conversion of T4 to T3[37]. 
Our present finding suggests that DBDPE, or its 
possible metabolites may disrupt thyroid function in 
mice in a manner similar to that of PBDEs. 
Furthermore, our studies have shown that there is a 
relationship between thyroid function and blood 
glucose. Thyroid hormone disorder may be 
associated with the change of blood glucose, which 
has been found in the present research of Balb/C 
mice and previous research of Wistar rats treated by 
DBDPE[20,31]. Therefore, these findings support our 
contention for the endocrine-disrupting activity of 
DBDPE.  

There are only limited studies on the effects of 
exposure to DBDPE on hepatic enzyme activities. 
Many researchers have found that effects of PBDEs 
in the liver were associated with induction of hepatic 
CYP450 enzymes and UDPGT, from mainly three 
assayed systems, CYP1A, CYP2B, and CYP3A[11,12,47-53]. 
CYP1A belongs to a hepatic phase I metabolizing 
enzyme family and adds an endogenous or 
xenogenous hydroxyl group to the substrate, which 
leads to either detoxification or activation to more 
toxic metabolites. As the induction of CYP1A is a 
highly sensitive marker of AhR activation, measuring 
CYP1A offers a valuable means of quantifying AhR 
activation in the same way that CYP2B induction 
mediated CAR and CYP3A induction mediated by the 
PXR[52]. The UDPGT, belongs to a phase II 
metabolizing enzyme family (isoenzymes) encoded 
by multigenes, that play a key role in the excretion of 
both endogenous and xenobiotic compounds, by 
adding a glucuronic acid to the substrate[54]. 
Additionally, phase I CYPs and phase II conjugates, 
such as UDPGT, are involved in the metabolism of 
both xenobiotics and key endogenous compounds, 
including various hormones such as steroids and 
thyroid hormones. In particular, induction of hepatic 
CYP450 enzymes and UDPGT via AhR, PXR, or CAR 
can interfere with the homeostasis of thyroid 
hormones[12,55,56]. The current study provides 
convincing evidence that there was a significant 
effect of DBDPE treatment of mice on hepatic CYP1A, 
CYP2B, and UDPGT enzyme activities compared to 
control group. No significant activity change of 
CYP3A was observed in any treatment groups.  
Then our present research results provide the 
evidence that DBDPE could induce the enzyme 
activities of CYP1A and CYP2B, which also may be an 

activator for xenobiotic nuclear receptors, namely 
AhR and CAR. AhR is a transcription factor, whose 
activity is modulated by hormones including 
glucocorticoids and estrogens[57]. The activation of 
the AhR receptor could be involved in the  
disruption of thyroid hormone homeostasis during 
liver insufficiency. Research data indicated that 
decreased thyroid hormone levels including total T4 
and total T3 in parallel with increased TSH  
secretion suggested the stimulation of thyroid 
hormone glucuronidation as a result of AhR  
receptor activation and UDPGT up-regulation. The 
stimulation of glucuronidation may lead to reduced 
thyroid hormone levels and induced TSH secretion[58], 
which are fully consistent with our present research 
results. Generally, CAR has been implicated in 
regulation of circulating thyroid hormone 
concentrations. TBBPA (a BFR) treatment induced 
thyroid hormone conjugation pathways in a 
CAR-dependent manner resulting in diminished 
serum thyroid hormone levels, especially to T4[33]. 
However, we did not find a significant reduction in 
total T4 or free T4 in this study only a declining 
tendency. However, we did find that total T3 and fT3 
decreased significantly. Apparently, interactions of 
DBDPE with the thyroid hormone system and 
mechanisms of feedback and adaptation by AhR and 
CAR signaling pathway can lead to the thyroid 
hormone’s changes. Comparing DBDPE with other 
BFRs including DE-71 and TBBPA, the diversity of 
induced thyroid hormones may be due to the 
difference of chemical structure, expose time, 
animal species, and so on. In rodents, UDPGT is an 
important hepatic enzyme that metabolizes thyroid 
hormone, helping to characterize possible 
biochemical mechanisms for thyroid hormone[59]. In 
the present study, serum TSH, total T3 and fT3 were 
significantly affected. A declining trend, but 
non-significant reduction, in total T4 and fT4 were 
observed in the treatment groups, which showed 
significant induction of UDPGT activity. Whether this 
phenomenon hints at a relationship between serum 
thyroid hormone levels changes and induction of the 
UDPGT activity needs to be studied further. Hence, 
we believe that DBDPE could obstruct the thyroid 
function mediated by AhR and CAR. 

In conclusion, DBDPE can cause a certain  
degree of mouse liver damage and insufficiency.  
We found that DBDPE demonstrated the activity   
of endocrine disruptors in Bal/C mice, which    
may induce drug-metabolizing enzymes including 
CYPs and UDPGT, and interfere with thyroid 
hormone levels mediated by AhR and CAR signaling 
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pathways. Endocrine disrupting activity of DBDPE 
could also affect the glucose metabolism 
homeostasis.  
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