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WE TFREBFASLNEK XF, £HFARPYREEZEXEZNER, TEANL2WUTH
Wik p R FRRAETHRER AT RRE . AFRENFEF & T L W—F 05— F R EAL
AR FRRFEAEERNSSE LRGSR, AFRBRBENEK ., B, L, REUK
EREAR, BET BME A THT &£ F RIS TR, 0K TR £ WA F oot
PRI 9 20 0 T30 400 78 1 2 T3 o B o R 8 L RS IR AR 45 AR AR R oy 2 ST DA RO AR 2 AR
5EZRAFRIFEE SN AL, BRET ZIRA WA R E ST 5, DA IR 438 T 34 %

BRFRBRHTREAFERBEESZNSE,
ES7 3]

hESES S967 XEIRIRAE A

PP TE Y RERS T 40 AE W AR N IR A5
R iz 454G MEJNEGERR, i sZma LA m i
WERRAS | AR AR S A B AR 1 SN
SRR S B35 PN 43 354 (Environmental endocrine
disrupting chemicals, EDCs)(European Commission,
1997), b, RESE e S 1A HOR R 00 45 0 S 2 RE
TP H AR R34 & (Thyroid hormones, THs)J& M. %%
iz R R, 1 UA N THs 25560, [ H A
K BB MG HEEA SRR W T, #
FE R HUIR B T 38 9 (Thyroid-disrupting  chemicals,
TDCs). HAl, SAB AR TDCs, FEALHEZ Ik
2K (Polychlorinated biphenyls, PCBs) . £ ¥ 75 &
(Polycyclic aromatic hydrocarbons, PAHs), £ A
fif (Polybrominated diphenyl ethers, PBDEs) ., = F Rk
(Perchlorate) . 4 3 ft ¥ (Perfluorinated chemicals,
PFCs). X/ A(Bisphenol A, BPA) X KW . &2
85, XL YRR S I i TR S AR IR B S 2K
FOR BRI 3R KT 25 8L o ARSI 5 A8 X £ 20 AR i Jl g
I B MER A Al b, BZS T R s HUR Bl =2

HEN W T, EFa;, FAREH; PRERE
XEHE  2095-9869(2017)04-0186-06

TR IR, IFRIZ A J5 1058 5 A7 1) E
TR,

1 WE & RRIRHETE

B £ R BR 22 52 VR oA, B TR 32 30
ok B 858 DX Jok Ay ] B 2L 2, FILSSEE R B B JOL A A 3
(FPRIH, 1987), HE LT, THs KAEDREZTLE T
i - T A4 - FEOLR IR Bl (Hypothalamus-pituitary-thyroid
axis, HPT HiMIEEAEH T #1709, WiFlshd, T
10 18 RN 43 W A1 FH IR BR 9322 B U ZR (Thryotropin
releasing hormone, TRH), figikIiA G miAe H R AR 3
% (Thyroid stimulating hormone, TSH), TSH #f— i
PEHUR AR & BRI 430 THs ., ERE - farp & B, Xk
A2 FEPR Ji 24 e ke R A VR R G F2 2 R B i A RN A
WM B bR 5 i B 2R (Corticotropin-releasing
hormone, CRH)(De Groef et al, 2006; Bernier et al,
2009) . FHELJZHE 1 L Bz 4 RS B FE ER AR D 9 2
2% THs &M AT, LN RWRRE AR, FEE
BSR4 16 HOIR IR 2R (L-thyroxine, Ty)o 1H Ty 3EAANGE
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HBEEHEEN, EZEEAEN ZH R AR
(Triiodothyronine, T3)AJHTAR, Ty EAG #5% A4 Y006
PE. THs 094G it B2 AT f iR oy HER IR b 5 48 1
Na'/I'#%1z 7 1 (Sodium/iodide symporter, NIS)#f 1"\
MK iz 2 F R ARR N, AE HOR o A AL ) g
(Thyroid peroxidase, TPO)AfEIL T, 5 HURAREKEH
(Thyroglobulin, TG)H" i i 24 PR ¥R H 45 & & ik,
WAk B i S FR AR L AE TPO MIMEAL T A AL i —Fh i
e, M5, CiEfbrymiibigamek st o+ Nkt
FRIBE S W T I, T FIZb i T5(BR FH PR, 2006).

THs eI Fid i SHR IR R s B E A S
HATERZ , R i BRI R B A
JE % HUIR IR 38 2 2 F1 (Transthyretin, TTR)(Morgado
et al, 2007), HURIRA BN AR R T, 38 5 i i
TTR MZ5 G, iz 2 HNR A LU L 17 AL Ak A%
1) T; 5 TTR BA SR FEF T, 8L i s 250
HAUREAER . MAh, AEAABRE RS SEREN
a] gt 3% HP i THs (Lema et al, 2008), — M4k
AR R IR AN B AR s, RATE R MR
(Free thyroxine, FT,; Free triiodothyronine, FT;)A et
AL, S54SR R B B R Z AR sl A A

MR A Ty FEARIET T, 76N P s AL
A Ak 5 A Sz 197 1) B BB B (Todothyronine deiodinases,
IDs) =54 3, 239 ID1, ID2 F1 ID3, T, &40
L (Outer-ring deiodination, ORD)E B4 1% AY
Ts, ZHNH P (Inner-ring deiodination, IRD)JE i, Jt
EPERY I Ts(Reverse Ts, rT3). HET, REZMITINN,
it b 1D2 FE & % ORD Jifig, ID3 £ E A4k IRD
F R, Bl THs B2 i% (Darras et al, 1998; Mol et al,

T A
ypothalamuy

BB
Negative feedback
regulation

Il ¥ Blood IDl/l
[Free TH/TTR-TH |«——\ D3y s |ID3

1998; Van der Geyten et al, 2001; Orozco et al, 2005);
1M ID1 3 E ORD #1 IRD ZfjfiE(Van der Geyten et al,
2005).

THs RIETEMEZ A ZIRN 20, T 3 A 4
AL, 5 BRI ZE 32K (Thyroid hormone receptors,
TRe)4S G ME G, B 5115 DNA ¥4 iy TR
.25 I F(Thyroid hormone response elements, TRE)%%
A, VT H AR B 255 (Wu et al, 2000).

A A 3 Y THS 765 RLG(GE 2 ID3) YAl
AR R TCIE MR TR 1T I Tao 7 ARG R I
% Bf# (Sulfortransferase, SULT)FN PR H i 92 75 20 bl
I PR % #% [ (Uridine diphospho-glucuronyltransferase,
UDPGT)RMEAL T, 38 3o 7 15 e A0 0 28 W B S
TRESPERE N, SR e 2yt | SRR BRHE RS N (Eales er al,
1993).

2 EE&EPERATIETR HPT HZTHAERR

£ 2 HUIR Aol oo &2 2% B R AL R R AR
i TDCs 7] L@t T 1 A4 sk A8 ¥ 06 o0 Heb 47
T4t TDCs AT LA i T4 025 F o fisi CRH ., TRH Al
TR TSH WA 52w, AT THs &R, &
Al R R E Y CRH. TRH. TSH IR ;
WAl T3 NIS, TPO. TG % THs & WA EH
()6 4 AL/ i PR 3Rk /KT 52 ) THs & R, dE e
M YR Ty B T 7K 1ii—285 THs fb=#45F A1 2
) TDCs 5 THs e iz BEHMLE S MM, N
TP THs WIEH 85 . H4h, T, EEREEEIMNA
MLV T, BRIk, Rk, ZEBMYERSZ TDCs

JHYT Bile
TR Liver
UDPGT/SULT

HMEI4HZA Peripheral tissues

ID1/ID2
T, — T, —> T;-TR/RXR

BRI
Negative feedback
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HEFE
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Fig.1 Regulation mechanism of the HPT axis in teleost
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Yo, THs KA RER B A A= ZEL; TDCs JR ] i i
2N THs fClhd # s iR L . A M i e, T
Pt THs REANE BRI RE . LK, Ffi% PCBs %5 N /0l
T TRs WILEEVERIRYIESE, TRs A SHOAN 2
TDCs T3t AR il ) — e B4 7 138 42 (Tabb et al,
2006), Kb, MAHZUEVE . 40, 2 FARER ZFPatn
8RR 5 Yy ) HPT B TR0

2.1 FURIRELALER

FFOIR B 20 22540 722 Ak 2 S i TDCs 328 o AR A
PN I — > FEEHR AR o SMIRAL G %o B B £ HODR i
AR 5 e ] B R BLAE DRI A U | A
P38 A T ek D e O DL Kt B G AR R A I A
i, UN¥E S £ (Danio rerio)%: 677 mg/L & AR £h 7% 5%
28 d IR HURBRIE M AN AR, A HE AL 18 mg/L
(FRBE I v B2 ) i SRR £R 22 5% 56 d S Ty il 2%,
T8 HUIR B uE v 4 BT . A, g AR, R BTk
2k (Patifio et al, 2003), HURBREHE AR . B BAR
JE ST At L ) L b B AR R R L b A AR R A R ]
AR ATE R FOIR B 2H 2L 45 46 461 10 1Y) B 4% 45 Bk (Bradford
et al, 2005; Liu et al, 2006).

22 TERK-ZFEMH TRH. CRH #1 TSH 7k

PR 435 i) TRH. CRH FIEER S TSH
JgtEhR, ATLLPEHY TDCs Xffa2é HPT #li I iipiE s
OB . Atli Q01505 kKB, e Bk
(Oreochromis niloticus)#%#% T Cd Al SECH 15 TSH
KOV EREAR, THs SR, HZ, BT TRH.
CRH 7 I3 H 5 s ARG LA K 3L sh 4 i B I 35 X K
2R H 0 T AN AR IR A O s AR e o IR
ZBWFE RS2 E R PCR M5 T k. ik
AHOG LA (9 F 3k 28 4 TRH J2& B A 6T B 43 0%
() —Fp Z D REIR AT K, ATl KIS R LR R
Jit(Kagabu et al, 1998), A nJ {7 20 {4 Hh i) 355 200 ikl 4
W o-{2 B K (Tran er al, 1989), LA K 45 55 £ 45
(Abbott et al, 2011). HHEIWFZEIAN, CRH IMidE TSH
XF AR TSH A BN 43 Wb e ) 3/ i (De Groef et al,
2006; Galas et al, 2009). &L IRV, crh F tshp
1) 35 PR 3¢ 38 KO 0T DIAE S PN 15 e P02 75 1 A IR
JRTFHHIFEFR(Yu et al, 2011; Kim et al, 2015; Chen et al,
2016; Tu et al, 2016). FIL, A 500K orh R tshB N
15 YL pit £ 2 FRUIR R A T e SR R R 4 TR 0 4R bR o

23 THsERMMEIEHXER

NIS. TG. TPO #:[EZY THs W&, HAT,
R 22 28 R PR, X LG IS bR o] T T8 7R 5 Yt

Yt THs A B9 TR0 . 40 Shi 4%(2009)8F 58 & 21,
BE I £ 4y 0 2 5 T 4 980 b6 B R 1 (Perfluorooctane
sulfonates), H: nis FEHFFX/KFE _LIH, Manchado %5
(2008)WF5E K K, 4MJE THs n] i Z€ N /R 5 (Solea
senegalensis) tg Rk E T, Kim %0157k
AN SIS T e B, DR R D 0 A0 R R T IR — R R
(Triphenyl phosphate, TPP), H tpo FE K Fk K5
= B, JF% THs A6 R

SN AP TE S T4 TTR 3200 THs (04412
T AT 68 52 W 1L 3K H i 5 THs KSF(Yu et al, 2010),
KL, TTR KFEEAE RIS HPXT THs iz i &
B TRAYFE PR, Morgado ZE(2009)WF5T %KM,
5 (Sparus aurata) % 5% T N5 W TP BRI (Toxynil)
VG MER (Diethylstilbestrol), L E H 127 FE PR Fe ik 7K
B, KA TTR & & a3,

2.4 BiwEs A0 H i 5 EE

RLZF R T P I PCBs. PAH, 4 JE LI
AR 255, HRAT eSS IDs 16 P A /a3 R 3R 3R 7K F-
Van der Geyten (200 1)#F58 &, FHEfRER T HHK
4 (Methimazole), HJHHEFNE E IDs A97E A1 1Ds JE K
IRV —E, UESE IDs MFESERTIE . Schnitzler
FQROIDMFF KB, Bffi(Dicentrarchus labrax)il ffi %%
#& T PCBs, FLJFHE T, S B mL S 4 k25 T e o DR
IDs S48 7~ HUR AR T A R 0 — A0 R BT P5 .

TDCs [AIFE A LUH o T THs B R Tt 713 25
WAL G, Ml THs MiERR2Z 2 T, Kato &
(2004)WF58 & B, PCBs nJ LUiE S 505 e 2 a5,
7SR B UDPGT, #EmifE st T, R~ P2
BEIHHERR o YuSE(2014) P58 & B, B0 £ MfE £ B2 5% T
I%: B 57 T S0 A 3 (Pentachlorophenol), HATFE ugtlab
U sultlsts FERFRIRKE W E TR, °TREZ B T4l
K T ACEF R A, DARSE T, B9 ER . R,
ugtlab F sultlst5 W)5E KR AKE v 1R 5815 e
X THs GG bR B TR B 248 4o
25 TRs

—U 5 THs 2544 LLAY TDCs 4l PCBs ., PBDEs ,
BPA %, A LLE S Ml THs 324454 TRs i T3k Ts
WEFVERBRAE, X HUR AR A T 4E4/E ] - Moriyama
& (2002)WF5E F B, BPA fie5 T, g4 & TR, M
M TR AP RIEREE %, SR, G — S AT
YEHRIBHURBR 904, R85 THs ARG EHARRINE,
HHERZM T; 5 TRs fEM], U1 Davey 25(2008)ffF 57 & i,
As BETE TR K19 T IEW LHE/EH . Ik, TRs 7K
S BN 5 ey 5ot BEDR B ) TP
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2.6 THsZKF

LA VAR B F R T 0 3s Je VR T
EREUIRN e N O N I AW 2 S N A = G N
THs /K20, 0Bt i 58 T 2 MBORR IR &
DE-71, AU - THs A%, s . #ik At
W R Z BRI, e T BTy M T KOF B3 T e,
FH-E— 8 M FEAH IR (Kuiper ef al, 2008); i )
Bl (Gobiocypris rarus) % #& T £ HJ}& (Acetochlor , 200
ng/L), HMKH T, f1 T; HEEEFRICL e al,
2009), 5 ERFEARAHEL, THs /KF Y728 (L RE AT LI4E
R R, FERTIRER S H, AT DI THs A ALAY
AL, SRV R R AR D BRI 1) de EL R bR o

SAE K, HPT H/E MG E 2, #5728 b B S
EDCs X i i HPT BT 4E/E AL, 75454 THs (1)
H L s | AL R S R R Z A e bR, B
BRI LR A TSR A ST o

3 RE
31 TDCsFiEXFRBRHMEDNIREDHNHE

iR ZFhEE AR TS 7R 5 Gl Wk OB R Sl e T A
BONE, B R A R . SRR A bR B .
T T 3 ARSI 5% 2K TR S I A &
Y5, #—[F DNA F31 L% TRE MiZ5G, JHsh T
TESE R 55 5% o PRI, XS89 2R 1 0 228 T A Nl i o
it =X A T 7 il S T Sl HOIR B B A2 T B B
PrEW TR o
32 TDCsiHAERBRBIRBZEREILRE

Skolness 25201 1)WF5E KL, HSL A (Pimephales
promelas) % 7% T 55 77 AL il 0 1l 57 BK fif Jl (Prochloraz)
24 h, P E A TR EE A (cyp19ala F cypl7)
FIBIKF AN T, AN R R 5 A A MR
N Jir 8 . Dong 45(2014) 058 & B, #3 X 6 (Paralichthys
olivaceus)Z 5% T W & PCBs, MK Ty, T, K F1
WEE RO, RIS, HUR AR IS b R A ps AR 3SR | i
PR S Bt ™, A Sy FE DR 0 96 3 s R 3 T
Z %) THs LAZERF M THs /K, X I A0 # Mz
FEHRIRA L Z )™ FH, HI, 7F TDCs G A2 7R
Afa] | R v B AE R L, W5 75 i IS R A k2
RE T BOVEAE R

3.3 FSMVIERBEGITMIE R ESL
RO S B SRR o DU 2 TR 4RI, H

HIT RE 7= A B BH /B 5 5 o T AR P S 6 T DAY R
BRAESS S, XA T G i A 25 UG T EL S Bl 57
S, B R E AR PR g FCR AR Y 5 22 R AL, R
R R P S50 TC A TR AR R . PRI
B ST RSN AR ZE A PR R R 5T 75 Yt
VI THeMLR o i, — by ey ] LIS i i £4 76
& TSH 7K, (BRI S2 50 45 R ok 2 T3
ELHEE IR 2 THs $ s 5H/E BT EL, 1 Kim 48(2015)
SEARNRARSNSZE , JESE TPP A DL 3252 i 4
TSH [ 55300

34 WIAFEEEIKTFIERBLESITMN EDCs B
B AR B T 2 e

B, f15¢ EDCs W5 K24 T+ 40l .
AT H & 2RI HAR LS . SR, 2+ 48
M. AL E . METIERMBEE ALK, B
SR | A 5T o AN AT 2D | {EE IO S F8 A5 5
AR PR 2 KRR ISR bR A4S L A RE T in
X EDCs B HURBR T PR v #4794 . fildn, 7€
fef gt rf, TR AR S R H AR T THs 845
(Inui er al, 1985; Miwa et al, 1987a, b), &Y ZEF
BEBET A e W], AR 25 0 AR A4 A1 2 A ) T R
HAFTE R FL X R = 42 5201 . PCBs 1A ¥ Aroclor
1254 5 52 ] {46 2 6 A7 f DR AR 00 3 iz 40 B 184 v
JRESTERAS , AR T Fl Ty AKSEFREAS, iAMAIKSE 2s
SER SIS RZIME (R K, 2014)0, BE DR
AR, Ffig 55 16 68 ) A= K Ak . B IE LA B 4 £
OENE MBI Z THs 8. WF5ERM, SR THs
FE 175 3 BAE £ 0 8 £ 115 oAb DT (0 R 8 2 ik s Rz
FH R B B 2 (Goitrogens)#l il THs &A%, BEDfafr
A [i) &)y £ 7 728 o TR 2 A I L AZ B ] (Brown et al,
1997). K, FELIE ST, A4 G5 E MR %
SIS FEARPEANT EDCs 1) R R T 403800
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Research Advancement in the Endocrine Disrupting Chemical Effects on
Hypothalamus-Pituitary-Thyroid Axis of Teleost

TIAN Hua, ZHANG Xu, RU Shaoguo”, ZHANG Xiaona
(College of Marine Life Sciences , Ocean University of China, Qingdao 266003)

Abstract

In teleost, thyroid hormones (THs) regulate growth, development, and reproduction,

under the modulation of the hypothalamus-pituitary-thyroid (HPT) axis. Recent research has
implicated that multiple endocrine disturbing chemicals (EDCs) in the environment can interfere with
the HPT axis of teleost through different pathways. In fish, the corticotropin-releasing hormone (CRH)
produced in the hypothalamus stimulates the synthesis and secretion of the thyroid stimulating
hormone (TSH) in the pituitary, which further increases the synthesis and secretion of extrathyroidal
L-thyroxine (T4) in the thyroid. T4 binds to the transthyretin (TTR) in the plasma and is transported to
the peripheral tissue. 3,3',5-triiodo-L-thyronine (T3), the most active thyroid hormone, is formed by
T, deiodination, and acts mainly by binding to the specific nuclear thyroid hormone receptors (TRs).
On the basis of introducing the regulatory mechanisms of the HPT axis and the dynamic changes of
THs in teleost, this study summarized the commonly-used indexes indicating the interference effects
of EDCs on the HPT axis, in the aspects related to the synthesis, transportation, transformation,
metabolism, and clearance of THs. These indexes involve the histological structure of thyroid, mRNA
expressions of crh gene in the hypothalamus and zshf in the pituitary, mRNA expressions of nis, g,
tpo genes in the thyroid, TTR levels in the plasma, iodothyronine deiodinases levels and mRNA
expressions of ugt/ab and sultlst5 genes in the peripheral tissues, TRs levels in the target tissue and
THs levels in the plasma or the whole body homogenesis of fish. Furthermore, research emphasis and
directions in this field include the development of biomarkers for the HPT axis, the selection of
exposure time and dose of EDCs for in vivo tests, the establishment of evaluation systems combining
both in vivo and in vitro tests, and the integration of indicators at both the microscopic and
macroscopic levels, are also prospected in this study to provide more theoretical references for related

investigation.
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