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Abstract: Perfluorobutyric acid (PFBA) and perfluorobutane sulfonic acid (PFBS) are widely used as substitutes
for long-chain perfluorocompounds. The residues of the two substitutes in the environment are increasing, which
poses an unignorably potential risk to environmental organisms. This study was conducted to figure out endocrine
disruption and acting mechanism of the two substitutes on zebrafish by analyzing the impact of PFBA and PFBS on
vitellogenin (VTQG), thyroid hormones triiodothyronine (T3) and tetraiodothyronine (T4) of zebrafish. The results
showed that there was a dose-effect relationship between the content of VTG and the exposure concentration of PF-
BA and PFBS, and the level of VTG in plasma, whole fish and head-tail homogenate of male and female zebrafish
increased. Furthermore, an inverted U-shaped dose-effect relationship between PFBA and VTG content in zebrafish
was found, while PFBS showed a positive dose-effect relationship with VTG content. Different exposure concentra-
tions of PFBA inhibited the levels of thyroxine T3 and T4 in zebrafish with significant differences (P<0.01). The
contents of T3 and T4 in zebrafish exposed to PFBS have an inverted U-shaped dose-effect relationship, and the
inhibition rates of T3 and T4 in the homogenate of high concentration exposure group were the highest, reaching
36.74% and 38.20% respectively. The results demonstrated that the two substitutes, PFBA and PFBS, caused obvi-

ous endocrine disrupting effects on zebrafish.

Keywords: perfluorobutyric acid; perfluorobutane sulfonic acid; zebrafish; endocrine interference
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Yynl ket K 8% PFASs AR S IR L A 2 £ 5]
FEANTHIE BE G, 2001 4F E PRt 3L m 4% T
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e 1y e HEHR 3795 E W Th PFBS (R Bk 35 1.9
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HIRZ BB 4 4E PRFASs 1047 A M5 K A5 2510

YIARARL, LG BT AT R A AR B
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B B £ (Y B 5 2 1 ) (vitellogenin, VTG),
FDR AR 22 (T4) 1 3,5,3 - = il IR R TR R (T3), =&
HOLI AR, 8 TR AR N 4y
WF IR, AT 258 7 RN AP, HE
K B4 TR A PFBA 2 PFBS 1 %% 2 % 5 & £
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1 ## 57 % (Materials and methods)
1.1 A 500

1S B BRI (Spectramax 13X, 55 [E 3£ 45 7 T4
(L) A B ED ; - 20 B K (ME 204E, £
My Rr -6 F 25 1R A BB S {3 (MMA400 , 78 [ 3§
By ; YA R B0 L(D-37520 , % [E Thermo Fisher Scien-
tific),

R . 2% T RR(PFBA, 2 #Hr4li, 41 98% , CAS
375-22-4) A9 T LR (PFBS , /0 4k, 4l FF 97%
CAS 375-73-5) Sk JF 240, L B [ FE 254
2R AT BR A F , BE A B 5 2 1 R(VTG)iak
F & B fa HUR AR T3/T4 K 470 £ 9 0 [ B 5L
AR TR,

1.2 R4y

BEhfafail 3 N H AL KK 2.5 ~3.0 om,
[ii(028+0.02) g, MERESRA , ASLI = HF, L
T 7 d HE BB f0 40 TF SR, KI5 £2) C, I
Ji 14 h = 10 h, & H R aME =FAR AR, 9057 15 5 5
LAFET R ML 5% ,7 d J5 TR,

1.3 #PERE

PIFREEHR G, /0 1 d 45, AT Y il
Sl 3 > PFBS YL 5 /> PFBA JLigdfl, X
B R B S AT 21 d B EERESEER ) K
I Godfrey P75 45 1 PFBA X BED, fa ik i LC,,
14 g-L™" PFBA fie i W BEHEHE 140 mg L™ Fefi%
3 0.014 mg-L7", % E 5 4] PFBA Y & il 16
(0014 .0.14 1.4 14 140 mg-L )FI 1 Do A, B
AN B B 3 AN F AT, PEBS W % B K I Hu
SFEEVRRESY I E N 0,10 100 pg L' FEPEIATRTE
5 LAYREARHOIA S L B @8, B 55 ek B

45 S 4k EAR SR TS R T L, By 1k S 50 7
Ko BHEE2 W, RERERTEQS£2) C, 06K 12
~14 h, B4 d P LFE PR, MEPESE D a7 ik
IS AN AR HBAE T A 0T 64T VTG K HVIR R R
T3 . T4 K&

I3 ) 45 2 B Babaei 252 A9 575, 21 d
BRGE AU W BE ) A0 E ATV VR BRI, B 2% A0 B i
FU R A A Hl A E 2R LAY 0.5 mL s B4
SRIGHG A BB A B DA A BT 10 wL PN
1) 1.5 mL s B 08 T R E A B ALY, JFFE
10 CFLL40 g B0 5 min, PREFF AL T RRIOIRZS,
FEBA 15 I S o5 — Ak By 01, IRG 25 B 45 11 e
BUAEES . HA O ORI — 25 B0 (13 700
2,15 min 4 C)LLor B 4nA AN 2% , WedR /it 1 2K 5t
BAEE-80 °C HL =W — 0T,

AP S AR S W 7k . BB S 1
PEE i g oy Ry Sk R SR R A K. R
3k B SR R R B R 4 e, AR BT )
P BRSSO B0 I B 1) A 6 B (m
: V=200 mg : 1 mL), it ATRA HUEREE{X (30 Hz,
1.5 min), HEHHA MRS, 1RG4 °C 5000 g
AN B0 30 min  BEIORAS AR IH IR ITIZ T,
BRI, 80 C FEAERH .,

T B A0 1012 SR T VTG LG a0 &, 4
10513 K Sk R A1 R VTG 44U IR &, %5
I A SR IEAT HUIR R T3 T4 K43 #r .

1.4 HdEsit

K SPSS 27.0 GEat 544 Xof 52 95 Bt i AT Wk 2
PESIHT , 25 4152 56 B4 DLV Y9 (8 £ bR 1 i 22 R
K H AR E 7 22537 (one-way ANOVA) H fe /Mt 2
(LSD)Z T ik, 43 M s AT IR A 5 N [R) 2 i ik
JEHZ 2R W EE, 2 P<0.05 P<0.01, Bd54H
)25 55 HA Ge it

2 %452 (Results)
2.1 PFBA 4 PFBS ZFEXBE DAl VTG 552
2.1.1 PFBA %#%

PFBA X AS[FIMESIBE S (i) 21 d Jedg il sl i
A, 25 X IR 5 R ER A YK R 86T . PFBA JiF
R BE D 2 s fa SRS VTG &
HAE 1R, v LUE BT A R4 5 25 (xR
Y (KB)AH Eb , 35 5 3500 1 B0 5 f (1] 1 () FHME 1 B0
([ 1(b)) Ayl Je 2=t Sk A1 VTG & 3
I AR U B F O G R, RS R R
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L), EPEBE S (0 i Sk BB A4 1 5138 VTG & w3847
TE N E PR 22 5 (P<0.01), HAKFEFEWE0.014 mg-
L7, MEPEBE S i e b VTG & i, 525 1 6 IR
Fo, AR B M 22 3 (P=0.05), M REWE N
1.4 mg- LB, 5 1 6 0 22 30 [A], 0 4 B 5 £ 1Y)
M3 A fn % Sk B 20 3% 36 B 4 KA S 330 (1 1
(b)) HIWE 1 AT, EMEBE D iR N VTG & &k
KT,
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Fig. 1

Effects of perfluorobutyric acid (PFBA) exposure on VTG content in plasma and

tissue homogenates of male (a) and female (b) zebrafish

2.1.2 PFBS 2%
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AR VTG & i, 525 O IR AR S
FEZEF(P>0.05),
2.2 PFBA 5 PFBS 2 & X 5 & fa HUIR iR T3 . T4
P
2.2.1 PFBA %%

AN R R B A B L 0 T3 AN T4 & w3
M anE 3 s, B PFBA % 8%k BE 938 in, 55
RN T3 1 T4 A& R, S22 30 B 0 A ik 80
KER, GEENBHMI,S MREEH0.014.0.14
14 14 140 mg-L ") PFBA XJ 5 & fa 4t 5] 3 vh
T3 Fl T4 724 B I EIE R B Bl e 2 R
(P<0.01), H:H PFBA ¥ N 140 mg L™ XF4) % h
T3 Fl T4 #4106l 2 & &, 4 i 35 3] 48.37% Al
65.13% , 453 B8 PFBA fig i % 41 i Bt o fr o
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Fig. 2 Effects of perfluorobutane sulfonic acid (PFBS) exposure on VTG content in plasma and

tissue homogenates of male (a) and female (b) zebrafish
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Fig. 3  Effects of perfluorobutyric acid (PFBA) exposure on thyroid T3 (a) and T4 (b) in zebrafish

2.2.2 PFBS 2%

PFBS A~ [A] 7% #5 ¥ B 4 X B 5 #a T3 A1 T4 7%
AISENE AR 4 iR, B ) fh % 5% S 00 4 EEE,%%
TR AN BE S AR Py T3 Fil T4 AR 72
FERANSI 55 REH . I E-ZON X RF, HES
S0 T3 5 T4 Fr i, Fi%G PFBS 119 % §8 We B (1,
10,100 pg - L) JEREKIGE T+, Ja SRR, 17 78
“U” AR -RON DGR . SR IRATA L, I 28 58 Wk
FEL( pg- L7 Hni 2R 82 W 41 (100 pg-L™")PFBS
X4t S0 T3 FEBH I 25 4 il 80N (P<0.01), 4
BAF 36.74% F1 38 20% |, i B FE W FEZH (10 pg-
LY 5 BEZAH L, R A AE B B35 S 8000 (P=0.05),,

XTFREDfh T4 RZ WA ng L) 5ER
WRELHA00 pg- L2 NRBEHSXTRAM L, 28
BEFEAR(P<0.01), 7 B3k F)] 23.81 .38.20% , #&i4 -
5 13 R AR

3 itif (Discussion)
AWFFERIIIPEE A B (VTG) 2 W58 N 4 i+
PRV g —Fo LA W b AR 0, AR R 5 A )
T B AN R B VTG & 8 K K IE PFBA Fll
PFBS X AE WA ) N 43 TP 8400 . PFBA Fil PFBS
121 d BRI 45 U, AR B W, k3
Lt FHEPEEE S f0 34 R BIAE T 4, R W FE A B
FEUR BEYE PN 2 4 U At T A X BRE 2 £ 3 g
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Fig. 4 Effects of perfluorobutane sulfonic acid (PFBS) exposure on thyroid T3(a) and T4(b) contents of zebrafish

525 FxT AR EE, R[] PFBS 2 85 M JE 4 &
SEORRIME S BE ) A 10 3 4t K Sk B AT )
VTG & THaE, A7 IE A DG B 7 -3 56 R 1445
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AR I EE AL, Y RIA VTG 5 i bl 2 75 ik
FE BN TH =55 PROS %% 58 X i 1 55E 25 21 1fi 2
ISk B AIH VTG & 52 IR« U A 50 R0 56
FR R BRE i £ F A B7AF OG0 590 B -0n o6 R P
2B RBRDLAE VIG & R, 5
PFOS X B 5 £t (1) 5% Wl B A 22 5, PFBA il PFBS
Tk R T BRE A0 00 PN 430 T PR B e F &1 2 AT LA
KIL,ANIE PFBS ¥k Z R4, BE 5 fa i 2% | 4> £ )
W RCKRBATHRES TR VTG 2 1R 25 1
>>HfEtE, 5 BEE M MEPEIR N VTG & i K T it fn
A, AW Bl 2 Flis Yedy 252 5m i hn , i
R IR N VTG & &35 LT R B fa =
AT NP .

DAFERRF ST & AR IR R BRI AL A A=
KH, SWAEIEN 2R AL T, X6
TP FE kI HUR IR VAR A BE ) A K R B R
TR A B, NHEAL AR R U, FIR I R A
T A A A R I R TR 1, AR A Rk
A [] 5% 52 Vi J35 2H 1) PFBA % B T #2445 A IR i
T3 5 T4 SR 25 T8, W5 Yl L
P HURAR X0 208 B 5 A K B g, T4

WAL ZRSE . Tl AEJR Kl PEBA Sl 3t 3 057 454
HE— 2P R BRI R 1 A Y R BB IE
PEBS XJ BELh 0 4] 3% v T3 1 T4 B 400 5 3500 AN J]
PR ik B R R A, S5 MR AE LA B S
ZE 5, AT ABE PR Sk 2 0 Wk 3 A () BCBE 5 £ 1 4100 i
YEFASTR], {0 3 68 Bz e FOIR B K S PFBS #EAIK
VR SRR T3 T4 ¥ 0 5B A%, ASC4E R 5
ARABET AR LGS R — B, A B SCHRAT 0,2 Fhogr
AR 3 3 X A8 2 e - - R (HPT) %l )
BRI IR IR R R Feis g5 A ks
S5 TP A0 S BRI R K F 1 52 e #6288
(LE KRBT, PFBS I PFBA %2 J M £ 44 Py Y
SRR 2 T S50 o i Ry, 36 Il o TP B
A P AR B ECER (8 7T 77 2B FEOIR B PN s T
N, B FRFE R RS WA T R AR
PR KT B, o mT RIS T 00 3 HPT 1, 518
T3 . T4 /KBy BT,

AHFFE T % PFBA 1 PFBS 4 b0 55 4w Ak &
Yy, R SRR IS E B R S A 2 — B ) A
R M BEEPERN X TR 2 R A AR N A 2k 5
WA A P 2 by ek BE D o B P AR Y
Wb TP b A7 fE 22 5%, AR R 3, &%k &
YRR B ) 2 R 22 B Re A R i AR, H B A vk
JERHPES . A SCrh PFBS X BE S AR VTG &
S RZI 5 R HE AP A 58 9 PFOS X BE D 1 VTG
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RERANGG B 5E 4 U A PFBA B PFBS X 5.2 41 1) P4 43 W6 T A0 109

B AR AR A — B AR RO R R,
A, A WE 5T B 4 % T — R (perfluorododecanoic
acid, PFDoA) 149 C fid (perfluorohexanoic acid, PF-
HxA )it i 5 | S BE S £ HUDR AR D B R i, T H AR B
WMREAW, FEBE S K EFRE, LA
AN M T RN Y A SCIFIE Y 2 Fi 2 3R
PFBA #il PFBS 43 jil 5 PFOS ,PFBA I PFDoA |, PF-
HxA EATH R At i B8 1A (G 8% 5l 4 7] 53 5544
FAC)FIREARL P it 235 1 (A LR A 1 itk SBUREE ) , FH U4
il | 5 PFDoA .PFHxA A#fl[], PFBA #l PFBS i i 41!
] B £ P FE DR B U8 2 A o, R B B FRR AR T
PR

BEEEEN KREE1979—), %, 4+ SRR, 24
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