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FH EF(P<0.05)6 (1) %D(z) SRIBREGERIEEEZHIEREES 2 XEZ & TRH

MEZAERNEE 3) SR RPEFIEmESEHMEL, 10 1c182780 FHifE,
IE T HEREEIES TRH. TRHR FIRIX (P<0.05), 18R F XA B] 58 2 1810 355 & L%

ZMXT TRH. TRHR =S 1ER.

[4516] FRERER AT LATE T LM% R MBI ER RN, L BIRRR TN B, H R I I E AR 1% 5!
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Effects of arsenic exposure on E2 and TRH and their receptor mRNA expressions in rats LAl
Yuanyan, LI Hongyun, MA Xiaowei, JIANG Zhihong, WU Jun (Department of Labor Health and En-
vironmental Health, School of Public Health, Xinjiang Medical University, Urumgqi, Xinjiang
830011, China)

Abstract:

[Background] Arsenic can enter the hypothalamus to induce estrogen effect and interfere with
the function of the neuroendocrine system. The thyroid endocrine system (hypothalamic-pitu-
itary-thyroid axis) is one of the main endocrine systems, and the mechanism of arsenic-induced
thyroid endocrine toxicity is still unclear.

[Objective] To investigate the effects of different arsenic exposure levels on estradiol (E2), hy-
pothalamic thyrotropin-releasing hormone (TRH), and their receptor (ERa, ERB, and TRHR) mRNAs
in rats and the possible hypothalamic toxic pathway and mechanism.

[Methods] Seventy Wister rats were randomly divided a control group (sterile water); low-,
medium-, and high-dose arsenic exposure groups [0.8, 4.0, and 20.0 mg-kg™ sodium arsenite
(NaAsO,)]; estrogen receptor inhibitor (ICI182780) intervention + low-, medium-, and high-dose
arsenic exposure groups; with 10 animals in each group, half male and half female. Rats in the
arsenic exposure groups were exposed to NaAsO, by drinking water for 19 weeks, and rats in the
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intervention groups were injected with 0.5 mg-kg™" 1C1182780 via tail vein at week 9, 3 times a week. The levels of E2 and TRH in serum of
rats were detected by ELISA. The expression levels of estrogen receptor a (ERa), estrogen receptor B (ERB), and TRH receptor (TRHR) mRNAs
in hypothalamus of rats were detected by real-time PCR (RT-PCR).

(1) E2 and its receptor mRNA: Compared with the control group, the serum E2 level of female rats was increased in the low-
dose and the medium-dose arsenic exposure groups (P <0.05), and the serum E2 level of male rats was increased in the low-dose, the
medium-dose, and the high-dose arsenic exposure groups (P <0.05), and the change of female E2 was greater than that of male rats.
Compared with the control group, the relative expression levels of ERa mRNA and ER3 mRNA in female rats were increased in the low-
dose, the medium-dose, and the high-dose arsenic exposure groups (P < 0.05), so were the relative expression levels of ERa mRNA in
male rats (P <0.05). (2) TRH and its receptor mRNA: Compared with the control group, the serum TRH level of female rats was increased
in the high-dose arsenic group (P < 0.05), the relative expression level of TRHR mRNA was increased in the low-dose, the medium-dose,
and the high-dose arsenic exposure groups (P <0.05). Results (1) and results (2) suggested that females were more likely than males to
have abnormal changes in E2, TRH, and related receptor genes after arsenic exposure. (3) Compared with female rats in the medium-
high dose arsenic exposure group, the expressions of TRH and TRHR induced by arsenic exposure were inhibited after the intervention of
IC1182780 (P < 0.05), suggesting that arsenic in the hypothalamus may have toxic effects on TRH and TRHR by inducing estrogen-like ef-
fects.

Arsenic exposure can induce estrogen-like effects in the hypothalamus, interfere with thyroid function, and show dose-de-
pendent and sex differences. E2 and TRH and their receptors may be the toxic pathway of arsenic-related estrogen-like effect.

arsenic; hypothalamus; estrogen-like effect; thyrotropin-releasing hormone; thyrotropin-releasing hormone receptor
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EDCs BIEFE TRIMNAIE R, PIEN NER M0
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REZAERIRY, RIEMHBERTINMN, MR B R
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T EX TRH E5E ST, BXEFEELTIERE,

AEEA EDCs HHFREZFENER, HREMHE
ZHERABBEIESHNERHARTNER",
Pandey F" AR FTIRER, BRIELEME. BEMERERZ £2 B9
B SRR MESEARRE, IR ER AR
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R IHEE, BRRARINAER B HPT 3HIEIE; Tan HF™
HISRIR A R — B I SCHEBZE RTRERZ MM HPT 3o 52
m, TC NZMARES TR, XS5HESHENMES
FHEARE, IRntiE SR ERIEHEUN S #HE
RO R EEXRETRNRIT,

ARRNEEENERITRAEHREEKFETK
B E2 REZA, TRH REZARKXNVT M RERE
SAFE, EATINER 101182780 FFill/a, XF 2 ME =K
M TRH ESEZSHEXERNEN, HYTRAMES
EERESTERNEMHEM N RETRENS S
TERNE, AR REBREEXNN D BRARERIE
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E2(£{S: CSB-E05110r) ELISA 15 & (CUSABIO A &),
cDNA EFRIAFIE. KA E BRI E(TakaRa 28] o
FE EBETEMARIRITEE Y, & 1.

#& 1 RT-PCR HE5|¥F5
Table 1 Primer sequences of RT-PCR

2R L1153 TS 14(5'-3)
GAPDH GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT
ERat TCCTCCTCATCCTTTCCCATATCG  GCATCTCCAGCAGCAGGTCATAG
ER6 ATCTCCTCCCAGCAGCAGTCAG CATCTCCAGCAGCAGGTCATACAC
TRHR CTTGTGGTGGTTATCTGTGGACTGG CAGGTAGCAGTTTGTAGCGGTTCTC
1.2 A&

121 ATt ERMEER KFELRI Y
i 4 S Wistar KR 70 R, MMM 35 2, 1
HEREE, 7E SPF aiE (=R 18~22 °C, iZE: 40%~
60%) ATEFF 20 &, 12 h BXFRBB 1 %, IEHTIRAIR
BEXEK, EFNEIME KR NaAso, ¥ KL=
(medianlethaldose, LDs,) /9 100 mg-kg™, #ZIR IV |EM4
M SEIRI& I R N FNAE X SCER™, L NaAsO, LD, BY 1/5.
1/25 1 1/125(BN 20.0. 4.0, 0.8 mg:kg VHBE = H.
RHBEETE, 15 19 F. SRFEFT2 4L
KRR 4~8 ARCHE, AR IEREMIFERE 8 A
&, FFE—TERNS M, 5 o BBTTM, @il ik
JEEY4A 5 1C1182780 TFFiEAAER 0.5 mg-kg™ BY1C1182780,
ZFEREF R ABEET S CEM AL I
B A=A M E IS, B8 3 8. pARRA IE
EXRA(EEK); BFEMHmEEFH0.8 mgke™
NaAsO,) ; FFIEFHREFL(4.0 mg-kg™ NaAsO,) ; =7l
B EH(20.0 mg-kg ™" NaAsO,) ; 1C1182780 FFR 1K
FlEmpEAE; 10182780 TP ISP EA;
IC1182780 FFim I EfZE A,

FAKRESE 19 ARMEE, B = shFKEXD, Fe/1T 4 °C
FA B0, SR LA 3000 r-min™ B0 10 min, BY L&
& F-80 °C (R1F. B EmhBKEXM /G, K FHEART
B, B F AFE1E-80 °C 1R1F. AL @ T HEE
RAFE—MWEERELICIEE RS (IS
IACUC-20190226-33) o
1.2.2 ELSASENEARBMBEF 62 52 BY-80 °C fR
FERA R MEF @, RIBGRAREN 2 B £,

1.2.3 S2BT0 Y E & PCRIRT-PCR)  EBX-80 °C {R7EHY
AR T EMALR, iRIE Trizol IREVE RNA SERYIEBRIR
5, RO Y EIH (B S Nano Drop 2000 V1.0) M E
KEBEMUNAE, 20 °C REREREMEI DNA, 1R

BERAEERTNRIHABECH 20 L REAR, RN
S (1) IEHIBNER: 95 °C. 30's; (2) I IBFYER: 95 °C.
55,60 °C BN 34's; (3)45 MBI, LL GAPDH E R A
WESER, ZA 27 A ITEENER mRNA BT RIA
=, MACt=(Ctygmmsymm— Ctssem oaron ) —(Clismmmpsmm—
Cti?f,ﬂ.ﬁéﬁ GAPDH E[X])o
1.3 %KitEDH

58 SPSS 26.0 R HITHITED T, iTEERA
PHEHTEE (x + ) 1R, FURRMIES, AiE bR
BEBERERZEFEDH(one-way ANOVA) , EE RG] b
IRBY, 5 ETTRA LSD-t K230, $I07KE ¢=0.05,

2 4
2.1 —RRIS)

RASHIE, REIBERRY, SANUKE. BE
EDNIEE, R ARBEASEHRRIIBEERE. £X
T, BEBRZRELRVIE . FIIMIIAAE(130.56415.99) g,
SRIOfE9(337.42499.82) g, XTHRLAFN S A IBLA K R IA
BEFABBER—H. 550G, SREBANEEY
ESRALLR, ERTHITFERN(P>0.05),

2.2 KERMBEHBXIER

2210 REME B2 FAER  SITRALLE, iR,
PR EMREAH B2 KFEASE(P<0.05), BIEMR. .
BFEMAESH 2 KFEAB(P<0.05); T G
LMY 2 TUHREUHARE. SHMPETISHE
FLAMELL, 10 1C1182780 FFf5, BBRIK TR RE IS
S1 E2 FRIX(P<0.05), WE 1,

150 —
— | =
120 — . = A
B #
X 90 # # o #
b
Hf 60
30

WHAE EFIE FHE SHE 10FW 10FH oo FH
msH B FRE BFIE FRIE SHE
M mE A

GE]#: 533884, P<0.05; *: EIMERIRALLEK, P<0.05; a: SEILAME
14 EBER, P<0.05,

1 BAKBEMED E2 RXER (n=5, ng-L™!, Xx+5)
Figure 1 Expression of E2 in serum of rats in each group
(n=5, ng:L", X+ )

2.2.2 KRB FEM ERa mRNA FEITRIXKTFE S3THE
LALLER, HEMER. P S EMREAH FRa mRNA RIX
=, FEEMZRETZIE N, ERa mRNA RIBZ AT EF,
. B EMASAHYE TR EMASH(P<0.05),
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SXRBRALLK, #HR. . SFEWE S A Ra
mRNA RIEF S, BFIEMRESHS TR SHES
£H(P<0.05), FR{E H M ERa mRNA TRk, BT LR
WA R, SHEMR. PRISMESALLL, g0
1C1182780 F /5 ERa mRNA FKXPEIE(P<0.05), H.
SFEmRrEAMN 1c1182780 FHEFI EmATT I
ERa mRNA FRIAFEMRIZER(P<0.05), WWE 2,

—
10 1 & 1l & |
I 10 1
#
i 8 . i
X 6 — A
ﬁ #a
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S
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PHEE  RFIE EP??IJE .—;?ﬂg ICl FF |C|:F?ﬁ Il ¥
Az gl A EFE FHE SHE
il P2 PP 22
GE]#: S3$8RAALL, P<0.05; *: EMERIFALLER, P<0.05; a: SEIZAME
PEELER, P<0.050

2 FAKXBTER ERa mRNA M FRIEE R (n=5, x+s)
Figure 2 Relative expression of ERa mRNA in hypothalamus of
rats in each group (n=5, x £ s)

2.2.3 KB TFEM ERB mRNA HEIFTRIXKTE SXHER
LALLER, MR, . SFIEFEEA ERB mRNA FRik
AE(P<0.05), B EMASHSTRIIEHESA

(P<0.05), SN SR 2 A S AL K, B0
1C1182780 F ¥l 5 ERB mRNA KX PE{E(P<0.05)0 &
F (8] ERB mRNA RIAFEMRIER(P<0.05), &
BA ERB FI ge b iE I MM E RN IE S R ERHI X

BERZ—, WE 3,
g o : |
#
. -Mﬁ'rit
z =
X
a
oA 1A

WREA EFE FHE .—FfJE Icl %:?ﬁ ICI ??ﬁ Ici %:fﬁ
fedl Rl A RFIE =
fesh EMH Eﬁﬁiﬁ
CE] 4. 533ER4BLL, P<0.05; *: FIERIFALLE, P<0.05; a: SREIHME
MEEEER, P<0.050
3 SAETFEM ERBmRNA S RARR (n=5, X+s3)
Figure 3 Relative expression of ER3 mRNA in hypothalamus of
rats in each group (n=5, x £ s)

2.3 KE TRH & TRHR mRNA FXI1E R
231 TRHFEAF N ESNEMESERT, M

KRB TRH K FEFFERLE FFH(P<0.05), EEFIZ
R EBAPRIAHIMESER(P<0.05), BEMEAREA,
5. S 2MEEHMALL, 120 10182780 FFifG

TRH FYZRIAKFETBE(P<0.05), WA 40
210 = * =
180 — o= M
4 150 # =i
<
K 120 a

o
o

L

z

E 60
30

WHRE EFE BHE SHE aFH oFmoaFHm
] fRd A BFIE PAIE BRE
2| | |
Ul #: S33ERAALL, P<0.05; *: EIMERIFALLIR, P<0.05; a: S5FIA
ML, P<0.050
4 RIAARIMBEP TRH RixtER (n=5, pg-mL™,
Xts)
Figure 4 Expression of TRH in serum of rats in each group (n=5,
pg:mL™?, x +5)

o

2.3.2 TRHR mRNA THXTZA KT SXFERALLER, i
M. B SFHI 2R FH TRHR mRNA RIXFA S
(P<0.05), TRHR mRNA £, . SFI 2RI FAK
R EF(P<0.05), RPAMEME S FIZIG N, ERB TRIA
KFEEF. SHEMME. . SFIEMALLE, KA
IC1182780 FFll /& TRHR mRNA BI3RIA T FE(P<0.05),
& 2Hi8] TRHR FRIAFEMRIER(P<0.05), ILE 5,

| * 1

10

|1 |

17 1
8 — i T
6 # = A

#

4
2 #Ha a
a d a a
o LELE '.I'l I _H&
WRE EFE FHHE BHE 10FH oFH aFm
M fRE A J{FIE BHE BHE
L2 I 7 . P |
U]l #: S33ERAALL, P<0.05; *: EIERIFALLIR, P<0.05; a: S5FEIA
M4 LEER, P<0.050
B 5 FHAKXENTER TRHR mRNA B3I RIAE R (n=5,
Xts)
Figure 5 Relative expression of TRHR mRNA in hypothalamus of
rats in each group (n=5, x £ s)
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ERBE NEMEMETH AN ESHENXRBESZ
—08, B2 MEARER B R R AL BT 48, Cohen
EVRN —EHREEEEIER, BREESRBUET L
EFERRMMESR R HIE. Wang FRIRF R tIESE
ERa 5 BIRARIL L BAMTER B RE X, BT ERa
NEZERRAF IR AT REM FRERIL KK
FEEHERBIER,

BH1EJ EDCs, PIRE@IT AR IR E2 SR SR
5 ERa. ERB 54, T3 £2 Al ERa. ERB IS S EY,
Chen EFYHRIANNHEBE RS €2 T, 2L I0H
RARMBEFIE €2 KT, & IEF S5
REARH 2 TR, AMEEREEN LM, 5
FIEMmBEALAP 22 RIAKTFHERK, STHEHE
BT EEELNHTRAZMELN 2 ER
X, REQSMNRM IR R BEX PR 2 WERATIRER 2
LLIMERIDAE, BN HURERREER, (2 62 Rk, bE
EHREFNERE—TEREN, 2 SRAEEZIHE
55, RFFAA, B2 SHHERFKEGRIPIER, BIEK
NE SEREEFRIEREERZESHIESH
A ERBIREZ —, B IKERS, X
BT ERELEH FRa. ERB mRNA FIRITEELE EF,
HEmRASTIEEMERAIEARS, X5 A5
HEHREYHNHRER —, RPHIES ERa
ERB mRNA AR GEEL A FI S KM, XS T LAY
PURTAIBES ERa. ERB mRNA KEFASE XK. IEHET
ERSMNHRAI €215 S8 R FH 5 815 5200 H
WA= G TN 52" R A FI XS K B R AR
HAERNMB A MERESSHARBALRESFER
5. IR RE P, SFIEMEEH TRH KF
RYBA LH, EEa AR B E2HLASAHRSR
IR AR 8 2 (thyroid stimulating hormone, TSH) 32X BB 4H
BEBHERN A, sl LUBMI_EFHE TRH RIX L
FHi— & BUE THEE TSH RiX, X5 TRH (&3 TSH
B2 BN RIBREENEERT. TSH K FIEE 2
TC MM EREAR, XiETm =R 8B X FRRR 20
RATHEERALTHE S HIER.

ABRITRFZATRETHEED 1C LA R
KSTBEM, Derwahl FPHAN M B EREZIATTHE
ERERBERALEMINERNERZ — ALK,
BEME AR T BN ERa mRNA IRIAS T 1L, MM T
ERZAL0 AT ERB mRNA FRIAFERRZRE T S INMF+
=, MM ERB mRNA RIARZ IR E RN, Fe/nidn]
REE I 820 ERa. ERB mRNA B R R & LIS S &R M4

FES, Che U MHBIAN R REEBAIREEHIES
2 REN S ERPREXEIER. EEMRIRE
HRESY HPT MV ERE R m, AR
HPT X ERIEAT TRH RN A, SF2HEET
TRH RIAKFEHIERESR, mMEMAN 1C1182780 F
FifE, MM KR TRH FRaAKF TBE, HEN 8T gE@ T
B RMBEMNIT HPT =S HER, #FEHFX
HERBESEEEUENESR. BEXRT RS
TRHR #1 ERa mRNA FRIAIFEFRZEFI 2L Mg S,
IRRMBET, ERa 1 TRHRINERE—EREE LA
xEX,

BIFRIAA 1€1182780 BENEIE T E2 X FhyE 40 AR
B9IEE (R, AEF5T R, 101182780 TN F R E /T
I B & R $8 AR(E2 1 ERa. ERB mRNA)F TRHR
mRNA ZRAEE RAETIER, 1C1182780 #FIESL AT LA
BSSFRRE T ERB mRNA FFE™, 25T 1€1182780
Tiist RKREA, BB OTREIA S T RSB RN,
HMEM TRH 5 5% S, WIFRRIER D BERARTS,
B T BT HPT BYIE B 8%,

47 b, RIS R 2 RAZIE M EZ A (ERa.
ERB)EEE R MM T IRR, K ERa. ERB BIN T
B RERFRIE S T BN TRH 15 S & S384R(TRH. TRHR)
REARH. HIMHESHNSENS 2 —, BEH 4
XT EIR ARV 5 B 1 0, AR E2 Kz ERa ERB FUAE
BrARERMEN TC BELARENBERAKER AR
NERZ—. SEXREMREAMIMNATEL B
(extracellular regulated protein kinases, ERK 1/2) ZF Iiff
BEFERAGREMESHERNS MINEEEILH
YERTR.
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