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Abstract

Previous studies show that TDCPP may interrupt the thyroid endocrine system, however,
the potential mechanisms involved in these processes were largely unknown. In this
study, zebrafish embryos/larvae were exposed to TDCPP until 120 hpf, by which time
most of the organs of the larvae have completed development. In this study, the effects of
TDCPP on HPT axis were examined and the thyroid hormone levels were measured after
TDCPP treatment. Zebrafish (Danio rerio) embryos were treated with a series
concentration of TDCPP (10, 20, 40, 80, 160 and 320 ug/L) from 1 day post-fertilization
(dpf) to 5 dpf. Exposure concentrations of TDCPP were determined based on the survival
rates in each group. Total MRNA were isolated, first-strand cDNA were synthesis and
gPCR were performed to detect the mRNA expression levels in hypothalamic-pituitary-
thyroid (HPT) axis. The mRNA expression levels of genes involved in thyroid hormone
homeostasis were increased in the TDCPP-treated larvae. The mRNA levels of genes
involved in thyroid hormone synthesis were also increased in the embryos treated with
TDCPP. Furthermore, exposure to TDCPP led to a dose-dependent effect on zebrafish
devel opment, including diminished hatching and survival rates, increased malformation.

TDCPP treatment significantly reduced the T4 concentration in the 5 dpf zebrafish
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larvae, but increased the concentration of T3, suggesting the function of thyroid
endocrine were interrupted in the TDCPP-exposed zebrafish. Taken together, these data
indicated that TDCPP affected the thyroid hormone levels in the zebrafish larvae and
could increased the mMRNA expression levels of genes related to HPT axis, which further

impaired the endocrine homeostasis and thyroid system.

Background

Tris(2,3-dibromopropyl) phosphate (TDCPP) is an organophosphate flame retardant,
which has become one of the most common flame retardant detected in furniture foam [1-
5]. During the products' life cycle, TDCPP releases into the environment dueto its
unbound feather to the product [5, 6]. TDCPP has been frequently detected in the aguatic
system and environment [3, 7-9], including surface water, drinking water, sediments and
biota. Thetoxic effects of TDCPP are largely unclear. Previous studies report that
TDCPP adversely affect the neuro-development and interrupt endocrine system [6, 10,
11]. TDCPP can increase the mMRNA expression levels of thyroid hormone receptors [6,

11-14).

The hypothalamic-pituitary-thyroid (HPT) axis controls the development of the thyroid
endocrine system in fish [15-18], and further regulates the synthesis, secretion and
transport of the thyroid hormones[19-22]. Zebrafish is an excellent animal model for

environmental monitoring [23-28]. In this study, we aimed to examine the effect of
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TDCPP on thyroid hormone levels and the MRNA expression levels of genes that

modulate HPT axis using zebrafish.

Materialsand Methods

Chemicals

Tris(1,3-dichloro-2-propyl) phosphate (TDCPP) and 3,3’ ,5-triiodo-L -thyronine (T3) were

purchased from Sigma-aldrich, and dissolved in DM SO as stock solutions.

Animal maintenance

Adult zebrafish AB line was raised as previous described [29].

Chemical treatment

Zebrafish were naturally mated and normal eggs were collected for chemical exposure.

Fifty 12 hours post-fertilization stage eggs were randomly distributed into 10 cm dishes

containing 20 ml different concentrations of TDCPP solutions (0, 10, 20, 40, 80, 160 and

320 ug/L) or 20 ug/L T3 as positive controls. Eggs were treated with drugs until 5 days

post-fertilization, and water were changed daily.

Quantitativereal-time PCR
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Zebrafish total RNA extraction, cDNA synthesis and gPCR were performed as
previously described [30]. Briefly, 50 zebrafish larvae were pooled and homogenized and
total RNA wereisolated using RNA Isolation Kit (Qiagen). First-strand cDNA was
synthesized using RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher
Scientific). The gPCR was performed using CFX96 Touch Real-Time PCR Detection
System (Bio-Rad). The primers of target genes were described somewhere else [31]. The
gPCR program was: 95 °C, 15 min; 40 cyclesof 95 °C, 15 s, 60 °C, 1 min. The

expression levels of genes were normalized to B-actin using the 2**“* method.

Thyroid hor mone measur ement

The measurement of thyroid hormone was carried out as described previoudy [31].
Briefly, 100 zebrafish embryos were homogenized in 0.1 ml ELISA lysis buffer. The
samples were centrifuged and supernatants were collected for 3,3',5-triiodo-L-thyronine
(T3) and thyroxin (T4) measurement according to the manufacturer’ s instructions

(Thermo Fisher Scientific).

Statistical analysis

The differences between the control and chemical-treated group were examined by one-

way analysis of variance (ANOV A) followed by Turkey’ s test. P< 0.05 was considered

significance.
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Results

Toxicity of TDCPP to the zebr afish development

Treatment with TDCPP resulted in devel opmental toxicity to the zebrafish embryos,
including lower hatching and survival rates and higher malformation rates (Figures 1-3).
In the control group, the survival rate was 85%, and there were no significant differences
on the hatching and survival rates in the lower concentrations of TDCPP treated groups
(20, 20, 40, 80 and 160 pg/L) at 5 dpf (Figures 1-2). However, the hatching and survival
rates were decreased in the 320 ug/L TDCPP treated group compared to the control

group at 5 dpf (Figures 1-2). Exposed to 160 and 320 ug/L TDCPP dramatically
increased the malformation rates of zebrafish larvae in the 5 dpf, however, exposed to the
lower concentrations of TDCPP (10, 20, 40 and 80 ug/L) had no obvioudly effects on the

malformation rates of zebrafish (Figure 3).

Fiugre 1. Effectsof TDCPP on the hatching rates.
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Figure 2. Effectsof TDCPP on the survival rates.

1001
80+ x
60

401

Survival rate (%)

20+

0 10 20 40 80 160 320
TDCPP concentration (ug/L)

Figure 3. Effectsof TDCPP on the malformation.
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TDCPP increased the expression of genesinvolved in HPT axis
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Exposed to T3 or TDCPP affect the mRNA expression levels of genes that were involved
in HPT axisin zebrafish development at 5 dpf (Figures 4-5). Exposed to 20 ug/L T3
increased the mRNA expression levels of pax5 and slc5ab, but had no significant effects
on nkx2.1, ugtlab and ttr. There were no obvious changes in the gene levels in the lower
concentration treated groups. Exposed to 320 ug/L TDCPP significantly increased all the

selected genes expression levels compared to the controls.

Figure 4. Effectsof TDCPP on the expression of pax5, nkx2.1 and slc5ab.
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Figure 5. Effectsof TDCPP on the expression of ugtlab and ttr.
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TDCPP treatment increased the T3 and decreased the T4 contentsin zebrafish

Exposed to T3 or TDCPP changed the T4 and T3 contentsin zebrafish at 5 dpf (Figures
6-7). Tread with T3 or TDCPP increased the T3 contents, while reduced the T4 contents

in zebrafish on a dose-dependent manner.

Figure 6. Effectsof TDCPP on the T3 concentrations.
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Figure 7. Effectsof TDCPP on the T4 contents.
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Discussion

Previous studies report that TDCPP can impair the thyroid endocrine system in zebrafish
[6-8, 32]. Our results were in line with these findings that TDCPP could disrupt the
thyroid hormone concentrations (T3 and T4) and alter the MRNA expression levels of
genesinvolved in HPT axis of zebrafish. These results confirmed that TDCPP could
disrupt the thyroid hormones synthesis, secretion, transport and metabolism [6, 8, 33].
This study showed that zebrafish could be a useful model to monitor the potential effects
of drugs on the thyroid endocrine system. Treatment with TDCPP could change the T3
and T4 contents and also the expression of genesinvolved in HPT axis, which might also

affect the reproductive system.
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