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#  E .45 T LR (Perfluorobutanesulfonate, PEBS) J& — #5715 Ye 1y, X 40245 BRI N 43 0 22
G H A — 5 BE RO 45 A T AR AE — B R L WA PR S Y ke AR W R i R G L BB AR M W PFBS
B R N 4 W T R RLONE 0 A VA 3 ek B A B B £ 5 R T AN () BT & vk BE (0. 10 AT 100 pg/L) PFBS 1Y
FRHHK 28 d, BTSN A TR 00 25 A B R ZEWE FLAT I . Lactobacillus rhamnosus) B KL, W %€ 2 AT
e - T - HEOBR B it DG B B A L DA B SR AR R I YRR A PR G R H R R B R K DU SE PFBS 525 4k
TR 2 5 0T B £ BRI P 43 U0 R G A R S 80 A5 R R FER UK 1 PEBS BEAR TR T3 7K
S TS I 25 A= T R U A £ 1 T T3 7K A BEAIR. 7 SE B K 1,100 pg/ L PFBS 5 £ Az 14 5 52 412 i
R eshB F H 235 AR WK B T3, I 5 AH N PFBS il 2 38 A1 b 22 5 35, 36 W i 25 A= 18 7T A
Vol A g O e U BE PFBS 55 1 M 4 K T3 7K 7 (19 A% s PEBS B 2% 82 58 1 V8 Mk £ KO e JEPRI R 3K, T
PEBS 5 4 A2 WAL S E W B3 e A1 0 B DN 3R 0K, 2 TS 0 45 A8 79 BB (8 AL (4 AU b B2 X PEBS 5 5 19 M
R T3 KFREAR A 5T & B PFBS Bl 5% @2 6e 5| B 25 f0 0 BAR BR 9 40 W R Z L. Ifi PFBS 5 25 4E
DAL B R ) o 5 2E TR BB AE — 8 R B ol o HOBR IR 9 ZE K T R [N 3R R T PFBS 1 B8 Mg F o 45 SR v
5 8 PEBS T MO0 (WA 5% J 2 1k 25 4 it i - R SRk S0
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A PR e it R £ (Perfluorooctanesulfonate, PEOS) H AT R & iy (B b 22 FAE U)) Fa e 4, IF H B K 5
TS AN 20 TH 20 A S A6 R A2 I T TR K R 3R T MR B R U 2 AR AR 2 Tl A
A2 A BRI PEOS #EAPREE A BG4 A AE W & BUE & VB R B T 2009 4F 8 07 48 B AR BE 8 24
B ]y AR AME A WS Y ), A 2 BRB DA (A 7 Rl Y e S O T T W R R R AR
VR /NI 2 /T LEli iR (Perfluorobutanesulfonate, PEBS) /E 8 PFOS 144, IF 46 A Ak 2B 7= i
i 5 S5OH PR 058 R 20 T 1 v i L WAL b i K b PEBS B VR R 3R 8.0 pg /L B g — b &
PO 9B P B A B 2 1.9 png/L 19 PEBSY . 55 41, Z 80 A= 4 b b % B Wk B PEBS, 47 18 i) 6
iR PFBS A& £ 2800 1 L/keg" s LAM %81 7E 2002 & 2014 4F 1) 3% 22 W vb b % 30, 55025 AT Ok 9
PFBS 7 i W JE B AR I I, I C i 2540 PROS, U £ 2535 Je ). PEBS HEAPREEJ5 AW AR R 0K A 2R W B0
{57 A B SANT 450 BB 5T 245 R W] PFBS % 82 6e T YL MR & & i 50 A 35 A G 56 DRI 38 308 70 e e 2% 1
T B PFBS 4 RE ™ 5 451 16 7 75 8 10 i 2 00 I BT et 5 RS BRI e A= Bl N o b RS ALY L 0T e g
i 3k 52 AL H IR AR AR IC 38 4% 45 %, DATTTSE R i 2B 4 Fn & BT 4R H AT PEBS XK Az 2E 9 HUIR R 4 43
Wh FR G2 1 52 W) 3 e /D TR ABIE

% 4 T (Probiotics) f& — X i F @ A £ 1905 Pk A W 19 B FR BT BR % A T i 18 L I8 19 Ji7 18 o
A SRR, Bl i T M T TR A AT A A HE A D) B At B DA A s BRZE B FLAT B ATCC 7469 X i 8 £4 4=
KAERE L A5 RT G S A B AR T U DAVIS S50 S B4 A ) 7L AT R RE RS B 1 £ 1) £ AT Ol 6 R
Bl Y W) 51 0 A W R 45 25 A B R B0 — 2 1 R T A L B, ZHAT AE S FE A AR % s ik 3L
FRA CCFM8610 4 K /N B AT W I H: BB U 55 40 5 5 1 AR R e IR [ B, B2 0 LA 1A BB 22 % PFBS
Xt BRE T 1 3k B A B L O WA O R DL R R L M 25 A B S PEBS LB R,
%t 2B R BE A5 X PEBS 5| iy 7K A= 25 9 FHAR AR P 40 W0 8 G0 1 1100 3 1 52 o, — 255 A R - 200002 4 ] 5 oK AT 0. AT
WL A S K AT BE ) 0 B 8 T A 0,10 1 100 pg/L PFBS (375K th 28 d, 4 K 48 M i s A 748 o 265 28
R L AT B8 Y AR 3 o 0 5 2 AT o - - PP OTR U DG B A1 DA R 3 AR K il i & A - AR IR i
R BRER (Thyroid Hormones, TH) KV B ZE A5 B0, %858 PFBS 5 £ A= T B M K 3 ) 2% 58 %) 5 o #40 1
ARG P 0 I B 52 ) K LML L IR AR SE PFBS 35 M50 A1 -3 75 Pk 2% e 15 i 4 4k 2 %

1 #H5FE

1.1 RFIREEMNS

PFBS(Jit & 43 %8> 98.0 %) W A H A 7R 5k 2% Tl 23 &) f A = B 3 7 (Dimethyl sulfoxide, DMSOj;
B4 %0>>99.0% , £ H Sigma-Aldrich 23 5)) #3557 lid il PFBS £:7%. TRIzol ) H 3% [® Invitrogen 2 7l ; 2f
—fif cDNA % 538050 G F1 SE AT 2 6 8 i PCR KA & 30 A 1 30 25 AR W B A R 2 ) 5 88 1 vk B
TR G R RAE YR AR AT BN A 5 F R U8 2 0K A 72 43 A i R & ) 35 B Cayman 24 &)L LA iy FH K
FNIE S 53 v 2. SR A B O ML (P& [E Sigma 2 \)D 3 45 25 KV (56 [F Mettler Toledo 28w 5 2 H RE il fL AR
K 22 45 (28 Molecular Devices 24 &) 5 7K S B K A (AL F S — A W R A FR 2 7)) s Nanodrop 2000 #8 73 &
A6 EE H (22 [ DeNovix 24 H)) 3 T100 Thermal Cycler PCR {X (2 H Bio-Rad /A #)) ; CFX384 Touch SZ R
Pt it PCR X (3£ Bio-Rad 24 A]).
1.2 PFBS S Sm4EREZEEILN

SIEH FH 6k BE Hy i (Danio rerio) B AE B 5 R (AB) , i B Bb 27 BE 7K AR Az P 0F 52 Jr B2 44t 306 25 £ 7 AR )
IR B HRKAERE R PR IR AR E N 284+0.5 COLME WA 14 h(L) : 10 h(D). B D fir
Yk 2 JE G 8 B A 45 20 R BENL 4T T B 30 L BEESGL (& 20 L 3R AE ZKO R AT AN W) BT VR BE (0L 10 I
100 pg/L) ) PFBS 8 , I 43 5l 4] M AR 0 sl B8 0 B2 0 2L AT 1/ GG VR T8 (10° cells/g, Culturelle, Ttaly).
A 6 4], B BEE 3 AFAT (e =3) K DMSO Bl PFBS 3 . 4 il 5 5% % o DMSO R340/
T 0.001 %6, I 4 H B $ B 8 V. 5% % 45 R — JA T4, B R AR B 55 £ IR iR, O 40 D W+ 2R T K 43, 10
A6 G IR AL DN EDE T (0 =3) AT AR B B R 45 RS, 10 i B AR B £ A ORI 0T o I e 4 L G | i Y
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I AL
1.3 BRBHEZENE

PFBS sk 5 65 4 WAL BB LSRG W B 2B AWCER 10 S A B bk eE 5 5 R AR
ki 20 2R 50 UG (n=3) MR 45 32 70) &0 130 0T 45, 1 ] 22 T RE AL A A 0 2% 498 D0 7 0 45 = Al F IR R Dt 2 e
(Triiodothyronine, T3) 1 Y fiftt B IR it I % R ( Tetraiodothyronine, T4) it FF IR IR 0 K.
1.4 ERERZEMNE

WA BB AR 5 A KA Z .5 MFIEALUER — D EE (n=3) . FIH TRIzol X7 #2HLE RNA.
FHBCR 0 B0h 1 % B Big B 8 i FL 9K AT Nanodrop 2000 e 43 Y6 6 BE 11 a2 RNA BE & 1) 58 B M | 20 8 it
Tk BE 4 R & W] 455 i cDNA I 347 SER 92O € i PCR 3B M IR 1T 18 Grpl O VE R B KA
EFH 2725 Iy T SR R A e SRR JT R A — AR rpl 8 B SR K P
1.5 Sitorn

S A5 RV B AR R R I ] SPSS 22.0 3R A HEAT G i 53 A 4% 2 S 0 e Y #E AT IE A8k (Sha-
piro-Wilk %) Fl 5 22 57 M (Leven B K 56 ok FH 5L PR 7 22 0 B CANOV AD SR 8 7 41 8] 19 1 35 25 5, k47
post hoc Bt LSD 46 45 4 %4 AN 1 2 15 25 43 A1 57 28 A8 55 I 8 R0 0 47 X0 $00 e 46 J FA80ER PR 38 7 22 40 1
TS Xof B8R A 5 AT AN BE A T SR RN 5 22 5 I, R T AE 28 Kruskal-Wallis 53[5 3R J7 22 43 7 R 8 & 41
(8] 2% 5 & A5 2 3%, 3 # 47 Dunn-Bonferroni post-hoc H#. P <C0.05 H & i1 3% 22 7 W B {E, " P <<0.05,
©TP<C0.01 F1T T P<C0.001 RN # 5E 5 X A Z W AFAE R 22,7 P<C0.05,77 P<C0.01 fll777 P <<
0.001 /R 7 #2241 5 AH N PFBS Huh 2 % 4 2 (A A7 76 I 3% 22 5.

2 HR5IE

2.1 EREKERELL
S ZE S L I B T 8 R R B, WLEE PFBS B B 5 25 A g L R R B A A K AR L 45
WIR, YT 10 100 pg/L PEBS W], M i A4 i 25 58, {H 78 I 2 A6 1 A9 3 5% 68 B o AR VA B 8 28 4k
(R DR, #2 2E 5 100 pg/L PFBS MR EE A, ME KK 5 PFBS 5 2 88 41 [0, S i 35 08070 , i 1) XF
WK FEAR T i |10 pg/L PFBS Bt 5 &2 % b £ 14 5 i 3% A7 538 52 00 L 17 100 g/ L PEBS D i 25 14 i ife
iR T (3R 1) s PFBS 5 2 AF A 3k 28 58 AN 52 i fl £ 0K 0 o, {HL 5 28 DR A S i i 2 R iK1 100 pg/L PFBS i
FHRFT R IR D.CHEN 887 B 58 25 5 5 AR 0F 58 A0 I, A1 % B PEBS 2 58 J 18 1 7 il 1 £ 14 1< B
A AR A S AR W D 25 S T R R R I T 4 SRS R A D R AE S R B (MR BT (R X 1000)
I, {10 pg/L PFBS I 25 8 i ki f0 742356 R 20 (58 1D.LL 45 SR 0], PEBS fg A A £ {4 K Fn 44 5 5 384, i
U IN 2 2E T BE TS B B VR PFBS 1 S 1944 K R T A8 4k
1 EEERER

Tab. 1 Basic indicators of male fish

S 4l RK/em KRB /g F R B ¥ K /em TR i /g ESEY
0 pg/L PFBS  3.5440.02 0.38-£0.01 0.8540.02 || 0 ug/L PFBS+ 251 3.5940.02 0.3940.01 0.840.01
10 ug/L PFBS 3.644+0.02**  0.3940.01  0.8140.01* || 10 pg/L PFBS+#4H  3.6040.02 0.38+0.01 0.81+0.01
100 pg/L PFBS 3.64-0.02** 0.4140.01°*  0.8440.01 ||100 ug/L PFBS+ 2548 3.56+0.02%% 0.38+0.017%  0.8340.01

. P<C0.05, % * P<C0.01," * * P<C0.001, 5 X} FR 414 L.
7 P<C0.05,7 % P<C0.01,% %7 P<C0.001, 3 5 5 41 55 M W ik e B PEBS SRR 52 41 AR LK. F & ).
ATE 2, X T ME A, 10 png/L PEBS & 2 38 hin HAR 1 100 pg/L PFBS XM 8 1R 1 WA W 3% 52
(£ 2).78 PFBS 55 A WAL 55 68 2 10 T, M fr AR K B A2 4K (B 5 00 1 PFBS PR 5% 88 AH LU A B 35 22 =
(3 2).CHEN 47 W57 & B, PFBS 2 5% 58 W5 M £ 04 BT &F L SR 171 0] R i T 90 Fh 22 5 AR 0F 58 h PFBS Bl
B 8 e M f A BT R B W] AR Ak (H PEBS 5 i AR T k5% R T ME £ 0 BT R R N (3R 2). 5 10 pg/L PF-
BS FA 2 55 AH LY, 5 AR RO E f0 A 5T S 1 38 i B W 300 (3R 2) PFBS Bl a5 55 A TR 2L 2R R AN
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Wi 36 R A H 5 10 pg/ L PEBS B 22 52 A7 1L L 4 5% 5 00 M £ =R 0 28R 35 B (5 2) 25 2R3 W] PFBS fig
FEAR A 5 PR o 1 fie R B0 B £ £ 2R I T i 2 T RE i I DR VR PFBS BYAE L PFBS 5 i AR 1 It 22 5%
Xof Il £ 5 Wi AN [ 2% B 25 25 B 6 PFBS RN 1 98 55 4 F A7 78 200 22 5

x2 MWEERER

Tab. 2 Basic indicators of female fish

S K/ em Wi/ g S EY i Sg 2 A/ em K FT /g EREY i
0 pg/L PFBS  3.5740.02 0.4540.01 0.9940.02 0 pg/L PFBS+ 25 3.6240.03 0.4740.01 1.00£0.03
10 pg/L PFBS 3.7040.03* ** 0.48+0.017%  0.9540.02 | 10 pg/L PFBS+4i4EH 3.714£0.04* ** 0.5340.01*** 1.0430.03%%
100 pg/L PFBS  3.634+0.03 0.48+0.02 0.9940.02 ||100 pg/L PFBS+ 284K 3.704+0.03* * *  0.494+0.01" 0.9740.02

22 ERBRBASBESZTH
2.2.1 UMW T3 5 T4 224k

Kl 2 AR M T3 A1 T4 A8 I8, 7 LW EZ 5] PFBS % 8% 5 . B 2 fa 1L T3 /K7 52 K Feka s, i T4
IS A S B i (18] 1. 7F 10 pg/L PFBS SR8 408 F M T3 /K 8 1 4 BEKF (& 1CAY) L 1 fE £
T3 ZACF 53— F S8 1 (B)).100 pg/L PFBS $L 328 )5 , MMt T3 /K8 a5t BB KSF- (1 (A)
B AT R 2, B RN 25 A2 T8 5, BE S fm i i T4 /K5 B JH#a#, i PFBS 525 2E Witk B85 . % fh b
Fha S Z W0/ (B 1CC, D)) AR BRI 09 T = vl BB ol T 25 2 BRI B A 43 26 41 FF PR R 33 36 B i R
(Thyrotropin-Releasing Hormone, TRH) . 32 177 4l 3 3 44 jif i 43 W5 412 HHOIR IR # K (Thyroid Stimulating Hor-
mone, TSH)" Jv A, 35 A= B 38 AT BE 38 55 {2 B 1 AR 2 0 38 & B8 il I F (Corticotrophin Releasing Factor,
CRE) 435 1 Hi A2 FFOIR R0 2= 1 B it o MUTTT A 34 T4 B9 43 B0 RO Mt 08 22 741 0 1 22 O M 0k 32 L il o 4%
Fa R 11 ) G 8 T &4 A BRI R U, T DA D £ AR T S S 0 FROR R B R OK S T s T B AT B Tk
(8T A FRT R AR FE A 0 b, PEBS b sl 5 25 A4E WAL R B85, T3/ T4 WA R /M, Hp L 10 pg/L
PFBS Hfuph SZ @2 I T3/ T4 Al B W /N (B 1(E)). T3 F T3/T4 WAL G X ] T4 #54kH T3 1HE
REARE R Y J2 , PFBS S B2 5% )5 L i £ T3/ T4 HAE AR AR KL 100 pg/L PFBS 5 25 A 6 S 58 # 1),
i T3/ T4 WAHEHEKEHE 1 (F) BAKE it T3 T4 K28 A 3 5 78 A A 5T b 0 ¢ 3]
14 2 7 T 7E e R DY A ) PEBS £ HY 78 44 P 41 3F A5 BT it VR 3 PEBS 1 F 9 25 R 250U
2.2.2 EMCKE T3 5 T4 424k

WA SEAR I AL 20 AT T3 Al T4 A8 {1 L. 45 51 7R . PEBS b ok 5 25 A v 10 5 58 6 i £ K i T3 A
T4 AKFEA B (E 2CA,C)) 8K, PEBS fff fE £ K i T3 Al T4 7K - 5 2 K& A%, 0 £5 A= 081 BL 300
SR K (B 2(B)) ABEAFTE AR o A2 W PR 2 B8 5 e K T3 /K-F i 2 B AIR (K 2(B)) , T4 /K- 2
FEAE S (& 2(D)). PFBS Sl sl 5 65 A= Ta 2% 588 X0 e £ Wl T3/ T4 LU AR A9 52 W AN 1 35, {5 LU (B 52 A1 5T
R AR L e O U B T v O R R (T 2 (D) 1 A M 40 K iR P L PEBS 2288 il T3/ T4 e fE 2 Th i #a #5, % m
2528 R HOAE T A 0] L R 2 100 pg/L PEBS 525 42 H L 52 68 B WK T3/ T4 WAH (K 2(F). A
HIEFRABE = 1Y T3/ T4 7K V- AT BE 2 % 0 (10 47 S B 8 S L 7= 2 00 T 56 i, 3 B806F IR e 1) 3 5 J Pk ) TR
100 pg/L PFBS 5 25 £ W L R 585 T3/ T4 FU{H 0 3 1 K AT BE N I T M £ 14 45 52 1 B0 328
2.2.3 KGR G 3 K A2 b

FHOR IR 3 R AR LR 4 22, S 5 R ML & B AR AN R N 43 i HPT Sl A 6 3L I 6 A BB 3¢
e BILAZR P FRTR R 3R AT A8 Ak, PR BR 17  J00 FH R B 080 3R 7K 728 A o o R 9 PP R A DG R PR 3 S 2 75 S [
o T ARSI S QK A DG 3 PR AR A L 25 AN P 3 I L A B £ K i R L PEBS B 22 7% X6 (i B IR B 38 36 R
B FL N (erh) FIAE BVUR IR I B % 32 1K1 F£ X (Thyrotropin-Releasing Hormone Receptor-1,¢rhrl)
BN ME 10 pg/L PFBS 544 F 42 HUR BRI R 5L 9 (esh ) 6 5 835 9,100 pg/L PFBS 44
T oeshB IR R FIEE R 3(A)). 5 PFBS Pl R @& A0t IR EE 5 ok Rl erhr 1 36 i TG g AR
b, M 7E 10 pg/L PFBS LR E T . eshp FEH L S 2 T, 100 png/L PFBS LB 88T tshp 5K 5% 5% W 3%
VR 3CA) ) sh HEPH AR BRI R R P8 3 PR 22—, L3 3R 78 5 SRNG5S OKOF- 32 T3 #E 4l 78 HBR AR AL
AE VSR I £sh 3 R 2 i 388 200 i o 1 P A T3 /K- SRR AR Ea 3, HLAE 10 pg/L PFBS T AR 4 % 5 B
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T ARSI 25 A2 T8 i BN T A SN
(A) e R T3KF; (B) A ﬂniﬁi'l“%% ; (C) B M TAZK ST 5 (D) W f 33 T4 /K 5 () MEE IR T3 /T4 LUA ; (F) Wi i T3 /T4 LUAA.
SZUG 45 P E R R R, MR IR E 3N TAT (n=3) . *P<0. 053K 7 8 4 RHG) FRURH LL 2 5 Wl 25

FE1 PEBS (0, L0AT100 w g/L) Spdak by o /F B JL Bk 55 28 doxd BT fa L3 FRCDR IR R K P 5 o
Fig. 1 Effects of PFBS (0,10 and 100 ng/L) alone or combined with probiotics on blood

thyroid hormone levels in zebrafish after 28 days of exposure

TE ME £ K b, PEBS bl 5 35 A L BRI orh BN E St R RC Y, Hob 10 pg/L PFBS 525 4F
B R R BN T orh BRSBTS trhr ] FPR 5 S8R K (B 3(B)).eshB He R #% 54 76 PFBS i
MR R T E B0 10 pg/L PFBS 3855 tshp RN FE T a¥ o I B, i 100 pg/L PFBS 357
#5N tshp FERE AR TR R 3(B)) . iX 1] fE 2 2 #5 J5 ML 1 T3 7K1 [ 4 g X 55 s

1AL I R FOIR IR B R e S R IR I E 2K (Thyroid Hormone Receptors, TRs, f1#§ TR« fil TRR) % &
A B E W AE Y ARHESE H, PEBS U B 55 B B R R IR R 2 RS (e B ) B S R
R 9, Y PFBS B ik B 100 pg/L B, era SEPE 5% 3T 06 (181 3(A)) 2R Ui, 76 CHEN %17 [ 9 5%
L EIR PFBS B85 FAC tra Ml op R B E TS 100 pg/L PFBS HUM B FEA L, W25 2E W )5 5 tra
Fil e 55 DR e ik Jb 2 1 8 28 X6 BEOKOE (T 3CAY) 3R W 25 A= 18 1T AE 38 3 45 B 5 B2 i ¥k B PFBS, 5% tra Fll 11
BE DR ST R AR ME £ R b, PEBS B B 25 2 TR L B RS tra SE L SRR b 100 pg/L
PFBS fuphol 5 35 A R IL 2 58 0% L rra FEFHE SR (B 3(B)).rp F % 5 78 PFBS Sk % 88 )5 31 1
AT R R W R RT3 Rl HPT il BB AL T 0 ra 12 3 PRI 223K ARWE 58 b, W8
ti AR AL B GR I o ora Rl o BRI 235 1 AT R R T e 0 R B AK 1 T3 51 Y, R 25 A= W r e A B
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T 52 PFBS i 5 09 M £ Kl T3 7K - REAIK.
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0.30 F
= = 0.6F
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O AN AE AR B = Ry F A BN ]

(A) B K T3 /KT (B) MEEKIGT3 /K 5 (C) e M T47KF 5 (D) i £ RN TA/KF 5 (E) B KN T3 /T4 LA ;
(F) MEERIATS /T4 LUAH. SEU0 45 S I8 = bRk iR RoR, BN B BE 1 B 34T (n=3) . *P<<0. 05, *P<
0. OLATP<<0. 001 R/ F B8 LA TR AH Lb 22 55 25

B2 PFBS (0, LOFII00 1 g/L) Baphok 5 a5/ B I LR EE 28 o BT L # KM v PR I B 2K ST (K 5
Fig.2 Effects of PFBS(0, 10 and 100 wmg/L) alone or combined with probiotics on brain

thyroid hormone levels in zebrafish after 28 days of exposure

B3R R ¥ 15 M H 8(Monocarboxylate Transporter 8, MCT8) fZ4F % 16 Bk H B A 45 5 M 1 IR IR i X %%
63 L FE VS A BT 3R MCTS B 5 F R I8 3 %5 68 2 420 1l i J5#: B (Blood Brain Barrier, BBB) #F A 1
JEH RN AR R S R 8 K Gner ) A DL, R BN 100 g/ PFBS B 5 82 )5 i £ 0 M 12 A i v
() mce 8 e PRG s B B ) 3 T S 0 5 A= TR Y R R BR X mee 8 FE DRI SR B2 AN R (8] 3CALB)).

FFLR IR 384 2% i LR (Todothyronine Deiodinase, DIO) A/ iy B IR 180 2% AR 35 AP 38 8 09 %% {1, T L) 98 5 B
R IER A 1 X 2 5 BILAAR FHOIR i 0 38 K 1R 3 e A L 7 e £ I v o BRI 98 3R 5 Al i I (o)
diol,dio2 il dio3b I FIKTC B FE AL BR 10 pg/L PFBS Ml B @40, HMh Z B #E )G dio3a FEH £ IE
¥R E TR, H 10 pg/L PFBS B FE S5 BB . dio3a JEHNF3K B T & 3(A)) 2K, CHEN
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Fig.3 Changes in the expression levels of key genes of HPT axis in zebrafish brain after 28 days of

exposure to PFBS (0,10 and 100 wg/L) alone or combined with probiotics
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Fig.4 Changes in the expression levels of ttr and ugtlab gene in zebrafish liver after 28 days of
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exposure to PFBS(0, 10 and 100 wmg/L) alone or combined with probiotics
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alone or combined with probiotics
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Fig.6 Effects of PFBS(0, 10 and 100 wmg/L) alone or combined with probiotics on thyroid hormone

levels in zebrafish embryos after 28 days of exposure
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Combination effect of perfluorobutanesulfonate and probiotics on
thyroid endocrine system of zebrafish

Chen Lianguo, Tang Lizhu, Bai Yachen

(State Key Laboratory of Freshwater Ecology and Biotechnology; Institute of Hydrobiology.
Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Perfluorobutanesulfonate(PFBS), an emerging pollutant, could disturb the thyroid endocrine system of fish,
while probiotics can potentially mitigate the harmful effect of environmental pollutants on organisms. However, it remains un-
known whether probiotics can modulate the toxicity of PFBS in the thyroid endocrine system of aquatic organisms. In this stud-
y» adult zebrafish were exposed to a series of PFBS concentrations(0, 10 and 100 pg/L)for 28 days, and fed with or without
probiotics(Lactobacillus rhamnosus). Genes related to the parental hypothalamic-pituitary-thyroid axis as well as thyroid hor-
mone levels in the parental brain, blood and offspring embryos were investigated to explore the thyroid endocrine disruption
effect induced by combined exposure of PFBS and probiotics. The results showed that PFBS decreased the T3 level of parental
blood, which was alleviated by probiotics in male fish blood. At the gene level, exposure of 100 pg/L. PFBS with probiotics
promoted the zshf3 gene expression of male fish brain as stimulated by the decreased T3, which is significantly different from
that of the PFBS exposure alone, suggesting that the addition of probiotics could also alleviate the decrease of brain T3 induced
by high concentration of PFBS. Exposure to PFBS alone up-regulated the expression of tra gene in female fish brain., while co-
exposure to PFBS and probiotics up-regulated the expression of tra and ¢ genes, implying that the addition of probiotics could
react to the T3 decrease induced by PFBS in female fish brain more actively. In conclusion, exposure to PFBS alone could cause
thyroid endocrine system disruption in zebrafish, while in the combination of PFBS and probiotics, probiotics could modulate
these effects of PFBS through thyroid hormone levels and gene expression. Based on the above findings, this study can provide
reference for the follow-up study on the toxic effects of PFBS and toxicity mitigation measures.

Keywords: perfluorobutanesulfonate; probiotics; thyroid endocrine; gene transcription; hormone
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