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Hazard identification of phthalates based on hepatotoxicity of zebrafish larvae
WANG Xiaohong, FANG Jin, ZHANG Qiannan, SUN Nana, YANG Hui, JTIA Xudong
(China National Center for Food Safety Risk Assessment, Beijing 100021, China)

Abstract: Objective The risk assessment model of fatty liver accumulation in zebrafish larvae was established to
identify the hepatotoxicity hazards of plasticizer butyl benzyl phthalate (BBP) using Di (2-ethylhexyl) phthalate (DEHP)
and dibutyl phthalate (DBP) as positive control samples. This model was used to identify hepatotoxicity of butyl benzyl
phthalate (BBP). Methods The fatty liver signal intensity and expression of peroxisome proliferator activated receptor
(PPAR) target gene CD36 in zebrafish liver after DEHP and DBP exposure were analyzed, and the hepatotoxicity model of
zebrafish larvae was preliminarily constructed, which was used to evaluated the hepatotoxicity of BBP. In addition, liver
density analysis, TG quantitative detection of zebrafish larvae and liver pathological examination of adult zebrafish were
used to further verify the reliability of the model. The benchmark dose method (BMD) was used to derive the point of
departure. Results DEHP and DBP showed significant risk of fatty liver induction (both P<0.01) , and the relative
expression level of CD36 was significantly higher (P<0.001 and P<0.05) , indicating the success of modeling. BBP
(0.000 012 5%, 0.000 025%, 0.000 05%) induced significant lipid deposition (P<0.05, P<0.001, P<0.001) ,
significantly affected liver parenchyma (P<0.05, P<0.01, P<0.01), increased TG accumulation significantly (P<0. 05,
P<0.05, P<0.01), and up-regulated CD36 gene expression. Furthermore, BBP (>0. 000 012 5%) induced the formation
of lipid vacuoles in the liver of adult zebrafish, as well as the reduction of vacuolar space and number, suggesting that BBP
had significant hepatotoxicity. The key effect was fatty liver signal intensity (S) and the benchmark dose lower-bound

confidence limit (BMDL) value was 0.013 mg/L. Conclusion This study successfully established a model of liver fat

Y5 B H8:2021-11-12

EEHE - BREAHALZITL(2018YFC1603102);ERBERLRERNBIFF/F LT ERATAEZEETE
EHEBN 2o * MEHER HAFTOARHBELSF  E-mail:wangxiaohong@cfsa.net.cn
BIEMEE:7H X LR AAFTAARDERF  E-mail:fangjin@cfsa.net.cn

WAE B BIRR ARG @AREFEF  E-mail:yanghui@cfsa.net.cn



HET B 1 4y £ ) SR AR R T RE M AE ORI

EER/NCANE

—917—

signal intensity to identify the hepatotoxicity of phthalates in zebrafish larvae, and preliminarily clarified the PPAR target

gene CD36 involved in hepatotoxicity, and further provided a scientific basis for the risk assessment of phthalates

combined with the BMD.
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550 wS/cm; pH N 6.5~8.5; ff & &y 100~300 mg/L
CaCo0,).
1.2 EZAUE 55

fife 35 W 14 8% (SZX7, OLYMPUS, H 4% ) ; CCD #
HL(VertAl, [+ BRI R A BR A ) 5 A 28
i B (M165-FC, Leica, il [{ ) ; K % B F K F
(CP214,0HAUS, % [® ) ;6 LA (Fisher Scientific, H
) 3 B R 40 66 BE i (NanoDrop 2000, Thermo, 38
) ;%38 PCR ¥4 {X (T100, Bio-rad , F 3% ) ; 56 %
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0.001%) . BBP (0.000 006 25% . 0.000 012 5%,
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SERITEARIT
Jig Wi 5 S VE (%) =

S(HEIR A A1) - SCEH AHARAL)

S(IEH X HA4H)

1.3.2 & B EG T

BEALEE R 36 B &k FAIRE RAIF M Z K5 72 hpf
# Tg(apold: GFP) Ik & 3k £ (0 2 ) 4% 3 X B 5 4,

100

Fofbrh LA 6 BBE htaghta ., s
F ¥ 4k 7 BBP (0. 000 006 25% . 0.000 012 5% .
0.000 025% . 0.000 05% ) , BH ¥ X B8 25 4 TAA
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Figure 1 Liver fat in zebrafish treated with phthalates
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Figure 2 Liver fat in zebrafish treated with low—dose phthalates
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Figure 4  Liver fat in zebrafish larval treated with BBP
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Liver fluorescence expression of zebrafish treated with BBP
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Figure 6  Lipid levels in zebrafish larval treated with BBP
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Figure 7 H&E staining of adult zebrafish liver treated with BBP
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Hill, Polynominall , Power, Linear B AR A E A
AUHY) BMDL B, B 22 5 B0 04 JHF 55 1 25002 o i 1O
I 15 5 #2 FF (S) , BMDL {fi & 0. 013 mg/L( Bl 0. 000
001 3%) , 5% W5 15 th 19 A W42 20 A F AR I KF
& 0. 000 006 25% A F23k , %4 A V£ 4 BBP JiT
BEPERLN 1925

1 BBP X BE A 4 o T R A 500 A SR OG AR UA I A
Table 1  Dose-response relationship for liver toxicity in zebrafish larvae of BBP

ANTEIA AT AR s 1% = i 32 HT % B TG CD36

oz 6 e 7 BMDL/(mg/L) AIC” BMDL/(mg/L) AIC BMDL/(mg/L) AIC BMDL/(mg/L) AIC
Exponential 2 0.17 361.27 0.13 378.322 0.20 -172.89 0.19 12.45
Exponential 3 0.17 361.27 0.133 378.32 0.20 -172.89 0.189 14.45
Exponential 4 0.021 356.25 0.053 379.84 0.061 -172.16 0.18 14.46
Exponential 5 0.021 356.25 0.053 379.84 0.12 -171.78 0.18 16.45
Hill 0.013 355.70 0.040 379.80 0.12 -171.76 0.026 16.45
Polynomial Degree 3 0.15 360.68 0.16 378.62 0.19 -173.00 0.18 14.44
Polynomial Degree 2 0.15 360.68 0.16 378.62 0.19 -173.00 0.18 14.45
Power 0.15 360.68 0.16 378.62 0.19 -173.00 0.18 14.45
Linear 0.15 360.68 0.19 378.62 0.19 -173.00 0.18 12.46

T *ALC 2 i e AR B 300G D0 R A9 — R b i, ALC /IR0 AT ASE A 14 5 0 32 T A8 4005 Sl 1 45 2R ot e

3 Wig

B SRR 7 R B R A B PAESs (1)
TEmS HER, RE LD DEHP 9 &8 0~
264 mg/kg™ , KA H PAEs 7 ATk 40~388 ng/m™" ,
oK DEHP M B E Ry 1.3 pe/L 0 Ik, A
[CIBCEUN 7/ INY & SN INEA A 7R &Y 2T E S
#& T PAEs, FCU 76 fdt B A%0ON © 51 A 2 A B2 BUF
JESGTE o PR, % 98 4k 300 3 A7 1 3 AR JF 0 H 2
PEHLH B A B SRS L. PAEs HA LAY 4
TL5 30 E AR R B EE S B RSy PR BT 026, R

P Bk B K BE AT 43 kg B (3~6) R B (7~13 ANk i
T)PAEs., BEFERFIE & BUAF L PAEs 18 1 25 1 1Y
F A E ™ DEHP™  MEHP! i 9% 1 1 4%
PPAR {5 %5 3 4 5 XoF JIF WE i 5 1 38 7= A= Bk 3% 5
SER ALY PAESs 78 B VR 20N AR FBLT R H
A FANN 1 A T

AR R, R B S I B 0 I s M F o8 2 4k
HLE VT A 245 4 T T AR 45 b 2 O o I R
PERTDL K IR B TG Ye e R AR T . Ik
A SR FH BE I £ DT A 98 Ak 550 I 25 1 10 AR 56 BF 9T -
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20224E%0 34 55 5 W

# T K19 DEHP o] 8715 5 g 7 2 833 46 56 1
JF I 56 PHL 1 350245 U4 B ) £ 22 5% T & DEP 11
K 4 A5 L IE 58 RE Bl K7 55 B8 7 2 Ak 1 3
Th 55 AR MR B T 41 25 K B 82 T DINP(42 pg/L)
3 UG 2w g AR . EE AT A T R
1) BE T £ PP 58 Ak 550 4 405 B AR

AR5 B AT DEHP/DBP 28 0BT 2 M /5 F K2 #L
HI Y PAEs, A SCHE T AMALIL 2857 (4 BF 5% 5% 1 1] )
FRK Hom A E AR A #0998 46 5] DEHP/DBP
A Sk BT BERE &, TR B i B TAA AR S Ny 32
WYX B 431 52 1 2 8RS AR 5 15 5 9 5 LA
KA K IEH CD36 Fik (S ) A5 # # BT ) 1 &
1 g i T HE FRASE 7 - 4] 2L PR L AH G AL . DEHP
(20.94%)/DBP(>0. 001% ) 5 55 ¥4 7] 45 49 8 11 Hly 184
TN BE H f0 4y £0 i E IR 19515 5 0 B K IR W s AR
FH 3505 KNG XU . CD36 f& —Fl i 18 K %2
T TE K BE R TR A v 2% R D) A1 88 T R R AR
FH A8 8 BE i B 44 5 42 0 i o FR SR R ) g
B4 R A R R A SR I BB S CD36
A5 W15 5 5 5 e B i DA S % R W 1 5% B e
A A K AR B ST & B, DEHP ( 20.94%)/DBP
(20.002 5%) ¥ ¥4 fin 5 5 4 %) 1 PPAR 0 2 [
CD36 FEH XS Rk & $E7R CD36 S5 H Ik 8 1%
ER AL . X 5 A BR B4 A7 9 0 9 45 R &
GRYTTING 455 F DBP filli# PMA i % THP-1
HZ M E B CD36 3% ik B8 25 A — 2,
R CD36 T HES 5 PAEs JIFHE S MEAE LA

FE T 400 2 A6 B 45 7R X6 98 4k ) BBP A4 I 2
HEAFPEA , BBP(=0. 000 012 5% ) 71 58 49 i 1 i 4
B Ao i E i 5 A5 5 5 B e B D5 i AR, 3
& IR BT AR B &, 3 5 Hi I A 5T 45 2R “BBP 51 5E
JHF JFE i K A — 505 BBP (0. 000 05% ) L 4 BE T £11 4
KN CD36 He K 3k, $& 7R ] B 23 51 & AR i
AR G FE R B ZE 0L . e Ah SR I IFIE R A 4k (5
9 B DR BE T A0 &) £ HEAT N B 3 B L TG A it
R A Ko B JFF T g FERL ARG A 0F — 2 6 TIF ASE AR 1 W]
SV, SR EYBBP A BTSN, -2
454 BMD LT BBP 2 5% Jo X B I £ 4 o T 5 1 5L
N CHFE BE R A5 5 50 BE (S) A XF 28 )6 58 B L TG .
CD36) 1Y 7l & ) i & & iF 5 BMDL, e {151 5 Oy
Hill, B 5 f5 BRI B 4 200N Sk JHF IR i 07 15 5 5
B (S),BMDL { & 0. 013 mg/L(Ell 0. 000 001 3%) ,
S BBP T8 1 A5 3 UM R 2R AR i

K B S £ A5 AR ) b A A A A I L]
W1 e E R AR TR YRR 25 R OR 1 )R B
PEo BRAL, BT ARG I BE T 0 4t A TG & A

FEARMERE AR SCR I T 440 i TG & i, A g ELIE X
NLBE S EE TG & o [HEARSR U, AR AR 6 4 2
T W R ER AT R A T U LA — o SR S

AHIF5E BT AS HE T — i DL BE &)y £ DE
0515 5 5 B () Ay BUIRR A g 2% 1 98 Ak 3R i 25 7
fi& 5 U R Y $5 {6 A B 9 BMDL {8, A 98 46 5 iF
B M A8 TR0 B R A A A A AR 5 i v T
Pt 5t BBP LL S b SR AL N 2 5 BMDL
0.013 mg/L,

S % UHk
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