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Abstract: In this study the acute toxicity of TBBPA on the earthworm Eisenia fetida was assessed by growth inhi-
bition and changes in gene transcript. The growth inhibition rates of all TBBPA dose groups were significantly high—
er than those of controls but no deathwas found. Superoxide dismutase ( SOD) gene expression was up-regulated at
the concentration of 50 mg*kg™. Significant up—regulation of glutathione transferase ( GST) gene expressionwas only
found at the concentrations of 400 mgekg™. Earthworms exposedto TBBPA provoked a significant up-regulation of
heat shock protein( Hsp70) gene expression levels at the concentrations of 50 100 200 mgekg”. With the chan—
ges of gene expression levels at the concentrations of 50 100 200 mgekg” earthworms maintained the stability of
dynamic balance and protected the body from damage by usingthe antioxidant system. However the toxic effects

of TBBPA made the antioxidant system useless over the concentration of 400 mg+kg” thus made earthwormsthin

( No. 2012DFA91150)
; E-mail: xuxiangbo. hi@ 163. com

(No. 41271487) ;
(19889

* ( Corresponding author) E — mail: yajuanshi@ rcees. ac. cn



1054

and stiff. Change in gene expression was more sensitive than growth inhibitionrate for indicating the toxic effects of

TBBPA.
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TBBPA
o 19942001 TBBPA
64 000 t 119700 t ' 2003 TBBPA
145 100t > 2007 TBBPA
170 000 t * . TBBPA
! TBBPA
58
TBBPA .
TBBPA
17.62 pg  966.2 pg’ -

TBBPA 100 pg*kg® 7 000
ngekg’ ", TBB-
PA (0.048 £0.102) ngeg” " .

TBBPA
6 1246 TBBPA
0.96 mg*L".0.09 mg*
L' 5gkg’” .  TBBPA 0.1mg-L"
( SOD) ( CAT)
18

2 mg*L" TBBPA

( GST) 0.5 mg*
L' TBBPA GST

¥ . TBBPA
* . TBBPA
CD25 2
. . TBBPA
22
( OECD)
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1 ( Materials and methods)
1.1
1.1.1
( Eisenia fetida)
o 2~3 0.35~0.45 ¢
1.1.2
A( TBBPA) ( CAS No. 79947
98%) ( )
(G ) o
1.2
OECD Guideline No. 207
» : 70% 20%
10% 35% pH
6.0=+0.5.
TBBPA 20 mL
TBBPA
( ) :0.50.100.200.400.800 mg-kg”
24
h
( (20 £1)C.24 h)
10 750 ¢
1000 mL ( ;
(20 £1) C 83% +3% 400 ~ 800
Ix) 24 h o 14
d 0d4d.7d.10d 14 d
14d o
7d o
1.3
14 d 0 d.4 d.7
d.10d 144d I,=(W,-W,) x100% /W,
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* I, nmgekg PCR ( TaKaRa )
W, 20 pL :2 L cDNA
(mg) W, t (mg) o 0.4 pL( 10 mmol* L) 10 pL SYBR-
1.4 Premix Ex TaqgTM (2 x) 0.4 uL ROX Reference Dye
3 (50x)(2 6.8 nL ddH,0. 7300 Real-
Time PCR system( ABI ) PCR Z
(20 +1) C 24 h 95°C 10 min; 95°C 15 s 55C 15 s
o RNA Trizol 72°C 45 s 40 :
(2%) RNA o
RNA Ay /As 1.8 ~2.0. RNA B-actin.SOD.CAT  Hsp70
RNase-¥ree Dnase( Fermentas ) 7 GenBank GST
1 ng RNA cDNA. GST | o
1 PCR

Table 1  Sequence of primers used for RT-qPCR

Gene Accession number Forward primer Reverse primer
B-actin GU177854 5<TCCATCGTCCACAGAAAGS3” 5“AAATGTCCTCCGCAAGCT3”
SOD GU177856 SZTGCTCACTTCAACCCATTT3~ SITGGCAACACCACTTTCA3-
CAT GU177857 5<CATTGCGGATGGAAACTA3 52CCAAGGACAACAACCTGCTCB~
GST HQ693699 5-ATGCCATTCTGCGCTACGTTGC3” 5<CCGGCGCCTCCTTGATTTTCS”
Hsp70 GU177858 5<CCAAGGACAACAACCTGCTC3~ 52CGGCGTTCTTCACCATTC3
E =
(1077r) 4 PCR E
. B-actin 0.997 R* =0.999; SOD 0.991 R* =0. .
997; CAT 0.988 R* =0.997; GST 0.994 R® =0. o
999: Hsp70 0.992 R*> =0.997. TBBPA TBBPA
R=(Eg,) “™/(E,) " (Tg) 400 mg-kg® 800
act) 272030 mg'kg_l 4d
1.5 °
( Shapiro-Wilk test) 800 mg-kg" 14 d
( Levene’ s test) 29.8% o
( ANOVA) 1SD p < (r=0.734 p<0.0l;r =
0.05 . Pearson 0844 p<0.01;1=0.8%4 p <0.01;r=0.926 p <0.01) .
. SpSSI8. 0 2.2 TBBPA SOD.CAT.GST  Hsp70
Origin8. 6 o
2.2.1 SOD
2 ( Results) TBBPA SOD
2.1 TBBPA 2 . TBBPA 14 d
TBBPA 4 d.7d.10d .
14 d 1. SOD 50 mg-kg” (1.77
( CK) ( CKs) p <0.01)

o SOD o
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1 TBBPA 14 d
Fig. 1 Changes in growth inhibition rates of earthworms Fisenia fetida
with different TBBPAtreatments after 14 days exposure

2 TBBPA 14 d SOD
Fg. 2 Changes in SOD gene expressionin earthworms Eisenia fetida
tissues with different TBBPA treatments after 14 days exposure

2.2.2 CAT

TBBPA CAT

3 o 3 TBBPA
14 d
2.2.3 GST

TBBPA GST

4 o 4 TBBPA
14 d

o 50,100,200 mg-kg”
400 mg-kg (8.

73 p <0.01) 800 mg*
kg®

3 TBBPA 14d CAT
Fig. 3 Changes inCAT gene expressionin earthworms Eisenia fetida
tissues with different TBBPA treatments after 14 days exposure

4 TBBPA 14 d GST
Fig. 4 Changes in GST gene expressionin earthworms Eisenia fetida
tissues with different TBBPA treatments after 14 days exposure

2.2.4 Hsp70
TBBPA Hsp70
5 o 5 TBB-
PA 14 d
- Hsp70

50.100.200 mg*kg” (2.199 p<0.01;2.17

p<0.01;2.16  p<0.01) 400800 mg-kg™
3 ( Discussion)

TBBPA 14 d

26 31
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o CAT

CAT
™, TBBPA 14
d  CAT
o SOD

CAT

400 mg-kg” GST

o GST
39
400 mg-kg” TBBPA
5 TBBPA 14 Hsp70
Fig. 5 Changes in Hsp/) gene expressionin earthworns Fisenia fetida 800
|
tissues with different TBBPA treatments after 14 days exposure mg kg GST TBBPA
Hsp70
’ 28
2 w0 Hsp70
4_ \4—
26 3334 N HSp7O
A Hsp70 s
o Hsp70
TBBPA
C 400 mgekg” 800 mge-kg” TBBPA
DNA B ;SOD  Hsp70 50 mgekg”
; GST 400 mg-kg”
. 50.100.200 mg*kg”
(SOD) . ( CAT)
(GST) . ( ROS) .
®, 400 mg-kg” TBBPA
SOD 50 mge
kg® (1.77 p<0.01) . . 50 mge
. SOD kg’ ( SOD. Hsp70)
. TBBPA
SOD SOD 14 d 200 mg-kg”
28 ’
CAT ¥ CAT (1971—)
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