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Abstract: Nonylphenol (NP) is a typical environmental xenoestrogens, and 178-estradiol (E,) is a natural estrogen
synthesized in living organisms. These two substances can interfere with the endocrine systems of aquatic
organisms, thereby affecting their reproductive and developmental processes. To elucidate the toxicological
mechanisms of NP and E, on aquatic organisms, this study explored the effects of short-term exposure to different

concentrations of estrogens on the hormone level of the hypothalamic-pituitary-gonadal (HPG) axis using the

ESTE . LEAEHEIT A RFHERIIN H (2024 AH040170 ,2022 AH052546 ,2023 AHO10041)
E—EE JEH981—), o, WL WF5E A4 BF9E )5 16 R AR 25 22 P2 | E- mail: jeany663 @ sohu.com
* B {5 1E#& ( Corresponding author) , E-mail: rosongj@163.com



55 3 1) TR LM 178-E — st X Bz W i P 0T~ o k- - P 4 28 A AL 211

Rhinogobius giurinus as a model species. Results show that the levels of luteinizing hormone (/h) in the R. giurinus
decreased with the increase of concentrations of E, (0, 1, 10, and 100 ng-L™") and NP (0, 10, 100, and 1 000 ng-
L™"), and the decrease is more obvious when exposed to E, at the concentration of 100 ng-L™". The level of
luteinizing hormone receptor (/hr) is significantly higher at concentrations of 10 ng-L™" E, and 1 000 ng-L™" NP
exposure. In addition, exposure to exogenous E, and NP increased the level of E, in the plasma and decreased the
level of estrogen receptor betal (eiB1), however, the impact on estrogen receptor alpha (era) was limited.
Furthermore, vitellogenin (VTG) is significantly affected by E, and NP, the expression of which initially increased
and then decreased with the increase of E, and NP concentration. In summary, this study reveals that exogenous E,
and NP interfere with the reproductive endocrine system of R. giurinus by affecting key hormones and receptors of
the HPG axis. These findings highlight the potential risks of environmental estrogens to the reproductive health of

aquatic organisms and provide scientific basis for the monitoring and management of estrogen pollution in aquatic

environments.
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N 43 W+ 3L 9 (endocrine disrupting chemicals,
EDCs)XJ A W 1R AT i 3 B A4 52 1) B > 18 37 1) F 40,
35 18 2R (environmental estrogen, EEs), 1 —2&
ELA MR R TG MR EDCs, B4 T 38 2 W I 1 43 i
RY) -5, EEs ORIEEFE N AZh iR r A 54
PR B MEE | AR (estrone, E,) . 178-ME —E(178-
estradiol, E,) M = f5(estriol, E,), DA & A T.& h A% M
W i 2, He M — % (17 a-ethynyl estradiol, EE,) .
P HEB AL 5 W, 40 4-%F T- 2 B (4-nonylphenol, 4-
NP) 4-t-f- 3 i} (4-tert-octylphenol, 4-t-OP) 1 XL A
(bisphenol A, BPA)'™ | Hirh | E, 305 1 5 Ml =
Z K (estrogen receptor, ER) %% & 1= A= Mk 18 & & i,
E, 5 ER 454G /5, ER VE A% si Al 5 2 BRI 21 v A
1% S It (estrogen response element, ERE)45 &,
P IE R AL D NP A ML 3o & 2%, Hifk
A E, AL, AT LASE SIS E, 5 ER 145
4. NP 5 ER 456 )5, IR ECAR-Z IR E 51, ¥
FEDRHG 53 | I Bl — R 90 ME U ER RO 1 A B A Ak i
TR HEPEBE D fa R HE fF B, ok BPA S BT
JRE Ak, 5 FLR R B A 2 78 Ay e P A SRR SR
Zg S, 4-NP %R 41 (Clarias gariepinus) =/
BEPERZIN , ALHE S AN ML T F1 DNA $i45", MRk
fi% {71 (Pimephales promelas)# % 1£ = W JE — H XU
SR AP RR I R T, BIVAE PR A 5l A 2L s
WEMEART S B, FEBEAEFPE 1 53 Ak b 02 2 A
MR AR R A & &, DT 52 B 3 A ™
MEVEBE 5 0 2 5% T EEs 1R -G Y RE W & BEAL 1 MR
PR FOFIRS 7 2™ . BF9E SR, EEs 76 KK

H ) o AT SO XU IE Al 26 B 3 2240 & 104 PT REAE
AR P aE o B B R SR RIEOR, B R A E AR
N FENR SR T K T BB T, Fe R RIS A8 Rk AR
HE A R GERR O PR R AR s

T Fr A -2 AR -1 i #l (hypothalamic-pituitary-go-
nadal axis, HPG %Hl)J& fa 38 5 N 43 RS0 1) T 255
i, EEs 38 5 38 1o 1 S 45 30 S i L], B4 m R 4%
200 HPG Hil, T X K A A= = AR AR FH (B 1M
T e £ 5 A A IR R i R (gonadotropin-
releasing hormone, GnRH)#{ & FE A& Jif |, {2 i H: 4 hl
A3 I R 38 2R (gonadotropin, GtH), H: 4 AL #5142
B9 3 2% (follicle-stimulating hormone, FSH) 1 &% {4
H: W3 & (luteinizing hormone, LH), M 2 fE 8 {¢
KB ER A B, B X e PR ARG R R 58
PG B Y ] % % 3Z 1A (follicle-stimulating hormone
receptor, FSHR) A1 # 1K 4= 1, Z 5% 1K (luteinizing hor-
mone receptor, LHR), M 1 % 4 i /% I fig gk 47 4
AU e K S IR« (BRa) FME B R 21K B
(ERB)INJ| ERE P4 SE R F8™  Horp B, /F 0 1%
WEPER 5 ER 256 U0 0 B 8 1 R A o {2 i
JHF AR B 25 2 R (vitellogenin, VTG) A& 1Y A1 43
WP R BEs R EEVS RS 0 TG 2%
B XCE R EACH FFIE VTG & 8 M e AR 35 50
AR AE AR RARER B i 5 A N B e i 2 ()
FELE W2 I IEAE DG OC R AR ) 0 2 58 T 0L
S(bisphenol S, BPS) i, &k 25 B& AL T M 1 19 vig
mRNA A 3k, i M\ vig mRNA 19 3+ B 5 % T
P E, BE WS TE R N RN A IR BT AR o R £
(Ctenopharyngodon idella) TR ZH I 1h8 mRNA (1
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Note: The red solid line represents the positive feedback control pathway,
while the green dashed line denotes the negative feedback control
pathway; key biological markers involved in this regulatory process
include gonadotropin-releasing hormone (GnRH), gonadotropin (GTH),
follicle-stimulating hormone (FSH), luteinizing hormone (LH),
17B-estradiol (E,), vitellinogen (VTG), estrogen receptor (ER),
estrogen receptor alpha (ERa), and estrogen receptor beta 1 (ERS1).
E1 FREMIRE&MENSSHEERS (HPG H#) & E

Fig. 1

neuroendocrine regulatory system (HPG axis)

The following pattern diagram illustrates the

in Rhinogobius giurinus

FEIR B ALY | AN AR AR AE B A
W5 E, 5 ERB 454, 71 A W 1) EE 5 fa i (4K
AR IE LH B 53 W FA B X R E, X4
TRBR WS A A a2 rp BT AU . M
i 2 F% T EE, ARG MR RS, F L b o 2 2R
FI 1 AR 24K 1 A9 mRNA KT, MK b
E, /KB, 11-KT/E, Lo fH W3 7t 5] Bk 48
KT /D G5 G A B A0 AR S T, AR T
Baa A G IE R ik B RPT j4- T Jk R 5 T SOk 1
NS f0 175-ME 1 | B AR Bl I R R o e 2
I INEERN S e TR TN N ey S e
RS FF 9T S0, RS UR B 1Y 2,4 SRR T 7 2 (1 A,
AP E 9% B 8 A A DR L B3 i, 58 4
00 ) AR, R O 2 AR, [T
VTG 7K F HPG HhiAH X FE R A esr2a 1) s oK F-
IR fy ] W, EEs %425 HPG il A9 A [m] #2
YL AR R S R R R E AR R
Fl5Zm

A B 20 T A JF B 5 e
B A A RO, T L VE K IR B TS e 1 2R
Yrfe sl WR R AATENEK WA R T A A,
BIHAE SR R B B LA BRI M, A
WFFE R, SUGRUE A4 0 | AT i B
WER 2 TR EB AU AR W, R 2 A WA 3 R
BHRTE 5 8 ~ 12 Fpig v fa v Br i jE fa X 3
ol YL (R 2 PR R B W PR X PR A T 52
PR LA 1 S IR BE A W48 7 ) P 1) J 1 42 4%
F, ARFFERI A TE & E B By i [ oF 52 X0
K5 Gy ) BB E A i AN ] AT 0 AR 7K S e )
SV O A BE RS B EE
T 7K W B8 £ (P 168 3 R 1§ f. Acanthogobius flavima-
nus) Wi B AR THE 1 PR ME R 15 B PR IR
J& ffi(Rhinogobius giurinus) & WLIIR K A6 fa 2,
TR 1T 3838 28 Ll DR R AP, MR X 22
I 15 e ) ELA U B, W R a6 22 Fh IR 35 75
Yy A BB, 2 R 5 1 235 R BU R IR 2 21
ZAL AR 1R AR i g 2550 s O 2 O M R £ AR R T
AR I, 23 ) PO AR ARG | B AR 3 T 1 3
BE SRR I G ) 5 ok SR J5T (14 P14 45 N e
PR T MR T AR 285 WD A 0 v AR N A
B3 SR MR B2 0 X IR K PR 58 EEs 5% H 1)
HCHTHLHIFN B T RE T AT . ARWFROHE LR
KU P £ () AR SR - B W AR R A0 B AR A9, 8
W RIRMER R B, FIAN T4 B R NP i) 2 i 5
By, 5 TEAR T PRI ME L R (BEs) % 1 2 W) B 58 £
Fe - TE R ARl (HPG i) 38 8 A% 532 i) % H: g iy 22
5 AR A EE S A EEs XTI ER L 1 HPG
BORSEN AR R IK K B R YR R AR SR AR
SR T AR K IR 1 G A BRI S
1 #R5HE
1.1 {2

ARG R 2 FOR[EI A EEs, 178-ME —[E(E,) Al
T-HE M (NP) Ry A 22410, 73 51 A 56 [ Sigma-Aldrich
AFHE A Kanto fh27A 7,

1.2 LRIt

10 3 7E T ¥Rk Sl A i B Wy % £
Ytk 1 R 4T EEs AbBE K BENL AL, o 4G
TXF B4R EEs A0 3R 1 & A b AL 7 R BERIL
5302 21, EEs ZEEbRARMI 4 :1.10,100 ng-L™'
E, %t T DMSO(fb#4l, bt R R A R A
F])EE 10,100 .1 000 ng-L~" NP & f# T PN ER (fh 2741
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e R FEREARA A, % B E¥ N 0.001%
(V:V), SLEREEN22+07) C,12 h L:12 h D)%
JER R, B A ER A A PR K AR T

1.3 JHHEH era F1 eiBl WFIRTEHL

KM qRT-PCR S5 % 3K , era Al erBl 473
FRABI I anR 1 Fos, ffHH 384 FLASFLAR, 78
1 fLHIA 10 pL SR G4, £145 250 ng RNA #
mir, I 3% B i 1 R A9 18 B {f B FasteStart Essential
DNA Green Master i 7] & (Roche Diagnostics, USA)
AT T

qRT-PCR JZ W 1K A TE 95 °C 444 F ¥ 5 min,
95 C4MF T R 10 5,60 C AT 15 5,72 C
FMETF RN 1S s, 36 55 ANEER, 40 C & T IR
N10 s Zabk, FEF RGBT AKX N e mRNA
Feik i = era mRNAX10’ copies/l pg & RNA,

1.4 IMEPEZERER VTG W&

JIT A A P it e B R (F 22,1 000 TU -mL™")
1) 2R 5 B i L4 LA, 4 °CF 1 800x g B0 15
min, Ifil 3% ¥ 5 7E L3 B, A VTG ¥ I Rif i 7¢
1E-80 C

Mm% E, H Estradiol EIA Kit(Cayman Chemical,
USA)RIL, bR 1Y (Bio-RAD, 35 A Bs A £ 47 B2
N E))TE 405 nm WG EE TR N E {5 5 N, 7E Estra-
diol EIA Kit H, HABA LAk 5 9 19 28 S 1 2
WERR 14% | BE =1 0.30% , Z KR ME — % 0.03% , MEd
T 0.02% , KT | BT | 17 - B 1A A 2
il/NF 0.01%

VTG ¥ Ji 2R FH bR IR 72 15 SR04
BRI R . VTG BTk, o 5 i H bR
(Bio-RAD)7E 450 nm W% T ill5E .

1.5 FER Ih FPERR Ihr B9%% 5%

VT e T I 7 o (I W N
qRT-PCR W 24K H Y5 era F eiB] mRNA K ik
AHIF Y 5
1.6  SGEitegotr

K H SPSS Statistics 27 #1748 112%534r, P<0.05
NEEMKF, era el Ih, Ihr B FEAEEA B, 8
NP 438 5557 REZH i FIBR ST AR AS ¢ KRB idf A 7 e

2 #R
2.1 E, I NP XFIEAR 1h 55 5% 5200

E, Z5E X RZH [h LR Rk 8 2.20 %
10° copies- g™ (WA RNA i1), ANFEWEGHHM 1,

10,100 ng-L™")Zb BRI} 1h (9 F A EHA T %, JL R
1E 131x10° ~1.61x10° copies- wg™' (A RNA 1), WL
&l 2(a), HA7E 100 ng- L' AL BT U0 T W2
) R B#%(P<0.05),

NP ZFZH, Ih mRNA ikt TR,
HFEGE T2 1 22 5 (P>0.05), WK 2(b), 7E 10 ~
1000 ng-L™" 4bFH | Jh mRNA FEAEIFEHEN 120
10° ~1.66x10° copies- g (A RNA 1),

2.2 E, MNP XHERR 1hr 55 5% 045200

E, 208 T X B4 [hr PR IK = 6.41 x10
copies- ug~ (LA RNA 1), IR EE AL 3 1hr (197
Ykl 3.80x107 ~ 14.70x 107 copies + pg™' (LA
RNA 1), W 3(a), H7#E 10 ng-L™" E, &b HE T,
AT W ER EFH(P<0.05),

FHIL, Ihr FRIXTE NP 258 1380, 78 10 ~ 1 000
ng- L7 AL H P S R IR 1.10%x10° ~ 1.42x10°
copies- g™ (L RNA 1), WL 3(b), H:1 1 000 ng-
L™ NP AbPRA B3 - FH(P<0.01),

2.3 E, I NP XHIFAE era Fll erB1 % S 5%

SCYRERLE, BER T, A B W R
FEA ) e mRNA F% 55 1 ¥ K & A W 3% 78 b (P>
0.05), HrpXTHRA ero FERFYFRIA BN 1890%10"
copies- ug (LA RNA i), TEARREKEEGHHI0 1,10,
100 ng- L YAREE R SF33 KR 768%10" ~22.04x%
10" copies- wg™'(LL RNA i), WA 4(a),

NP B &N, W R4 e HFFEHRIEE RN
20.06x10" copies - wg ™' (LA RNA 1), A [A]¥ B (43
2 10,100 .1 000 ng - L™ )Ab A S 1 Kk &l
13.42x10" ~5424%10" copies-pg ' (WA RNA i), H

x1 FHE5I19F5

Table 1 Amplified primer sequences
Gene Oligo name Primer sequence (5’ —3")
RT-F ATGTSTCYTGABCASGTGC
RG-era
RT-R TGCCCTCTGTGTACGGTC
RT-F TGCWSGCYGGASGTG
RG-ei!
RT-R ACNGBTCGSGBGASAA
RT-F AGSSCTGGRCTYARACTCTT
RG-vtg
RT-R ATCWGAGSGTTBCYWGCTG
Gl RT-F GTSACASCTYACTGCYWCAG
RG-
RT-R TAGRCSAAGSAYCYCGTGAG
G RT-F GAATAWGYGDCNCAWGAYGC
RG-1hr
RT-R CASADTTWCGAWGSCSATGA
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B2 AEIREHE,(a)z NP(b) 3t FEMRESE h FRKFEHFM
Fig. 2 Effect of different concentrations of E, (a) or NP (b) on the transcription level of /h in Rhinogobius giurinus

B3 ARIREME,(a)s NP(b) X FREVIESE & MR Ihr #RKFRHIE

Fig. 3  Effect of different concentrations of E, (a) or NP (b) on gonad /Ar transcription levels in Rhinogobius giurinus

B4 AEIRERE,(a) NP(b) X FEMIERES co HRKFEHHIE

Fig. 4 Effect of different concentrations of E, (a) or NP (b) on era transcription levels in Rhinogobius giurinus

RS IRZHAA L, 10 ng- L' NP ZZEHF era FEH
A TR (P<0.05), ULIE] 4(b),

E, ZRER XS B4 epl “F-H3RA A 3.25%10°
copies-pg (LA RNA 1), 55X BRZHAA L, A [ ok B2
(3920 1.10 100 ng-L )AL R | ik i AR,
LI 5(a), ik 435 4 1.22%107 copies- g™ (VA
RNA 11)(P<0.05).1.20%10" copies-pg ™' (VA RNA i)

(P<0.01).134x10" copies-pg ' (LA RNA )(P<0.01),

NP R X A eifl F-H k50 3.58%10°
copies- g™ (L RNA 1), 55X BZH AR L, A [ e 2
(5512 10 100 .1 000 ng- L ")AFR T, Fik Bt i
AR, UL 5(b), H K 54301k 8.54%10° copies -
pg”'(BL RNA $1)(P<0.001).1.47x107 copies-pg™" (LA
RNA 1) (P<0.001),1.35x10" copies - g™ (L1 RNA
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1)(P<0.001),
2.4 E, 1 NP X I3 5P 85 2R 1S (VTG)ZKF- A 520
TRV R (0 Z 5 e B, B, AT R BT BE 4 1fn.
¥ VTG FHME K 0.19x10° ng-L™" . JFAARFRWE E,
(4350 1,10 ,100 ng- L™ )AbH, 3% VTG & & Tt
i, VLR 6 (a), V- 408 43 591 4 788.16x10° ng - L™
(P<0.01).2 672.07x10° ng-L™'(P<0.001).675.06x10°
ng-L7'(P<0.01), ¥¥s87n, bt E, Ab3H 40 ] ) ik
FE EFH, VTG W 23 TS R RS
FEFE7E NP Xt B4 I 28 VTG B F ¥ 1E N
0.15x10° ng-L™", FASTRIHEBE NP (435124 10,100
1000 ng- L)AL ¢ VTG t & & T, WK 6
(b), HFH49MH 4351k 1 768 31x10° ng-L™'(P<0.001)
3878.00x10° ng-L™'(P<0.001),973.58x10° ng-L"'
(P<0.001), #di7n, Bl NP b B ZH ] vk BE I
Ft, VTG W 5 TG TR
2.5 E, FI NP X il 2% 178-M — B /K S (14 52 )
FESCI R, FRWVIBUR Mg E T B, TREET7 d,

W45 9 WoR |, 76 K % E, 5200 A0 %) B8 40 v il %
17B8-W — B f X1 N 740.36 ng-L™', MILZF, Y
TRV R 0 R T AR B (4514 1,10 ,100 ng -
LM E, J&, ol 3% 178- — vk 5 448 53 )35 )
T 92761 91051 .1 06681 ng-L™", WL 7(a), REA
[FIREE Y E, AT IR 13 22 R(P>0.05),,

AR TR VIR FE (i BT NP 258 7 d, &
PRXTHEZH AP i 2% 178-E — W 4418 &y 601.36 ng-L™",
ANTEAFE (43512 10,100 .1 000 ng L") NP b B
Hoif 3% 176-ME — B i SBIE 53 5 A 471.97 ,669.15
571.15 ng-L™", LI 7(b), AR BE Ak BRI TE 4 11
22 F(P>0.05), il 7 Fros B E, W RGN,
2% 178-Mf — sk - S B a4

3 itig

ARIGHFFARTT T NP Fl B, %F 15 Wy i 58 4 1
IR, WF R, X 2 R R AEYS T4 5 HPG
AR O 1) A BRI AE LS B DA AR DG SRR B 236,

5 AEREME,(a)3 NP(b) X FEMEREE erfl FRKTEHZIN

Fig. 5 Effect of different concentrations of E, (a) or NP (b) on e/ transcription levels in Rhinogobius giurinus

6 ARERENE,(a)= NP(b) X FEMEREGMNEEARKENNE

Fig. 6 Effect of different concentrations of E, (a) or NP (b) on the concentration of vitellogenin in Rhinogobius giurinus
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7 AREIRER E,(a) = NP(b) X FRMIHRE & 1M 3% 174- — B 7R B B9 7200

Fig. 7 Effect of different concentrations of E, (a) or NP (b) on plasma 178-estradiol concentration in Rhinogobius giurinus

H SRR RO A D S P b K 2 8 T B 3
A

EEs BB 38 3 Z2 R AIL 5% i A M)A 9 R 7
flir, WFFEFRE A Y SV EEs BB 3L E, 7R
PIRNFL SR FEANAET 60473 pg L7 E, 4b3H
SRR L, HAR N A B, 2 i 3, A8
TR A E, AKCE IS 23 £5 A 16 155,
BeAh, O A SCHk G, 72 2 Pl fa b | BEs 78 fa fk
AL PR BT RE P E EEs IKE B E R RTI AR
EE7)) 0. VA ()| S W NI (35 i v g =
I TR 0T BE I £ MR A B HPG Bl 52 MR i | R B RE 75
FEELh cypl9a FER A et T IR MERE Y
H R, XKW EEs ANAT DL E E2 5 A R N
(IR ZE KT T8 AT LA 2o 3 A DG 6 R 1) e 58 1 42
MR G, EARRRSE G S K E, W
JERE I, TRV ER U P Y E, AKPEAES
TEAREES,HBE 7 BRI EH TG
NP b PR RIS, Ko A & i AR%
PERRL /NS> T 454, EEs ] B8 1 18 38 1 FH A
fi K 7E HPG il v o 3T B il B i GnRH, A
T A 15 AR B GtH MR A B E, , F:80i ¢
1) E, KV LF, X FRWKAR T EEs ¥ BE Y 34 m ]
Al T 1 HPG B, (2 2E TR W AR R fk N E, 1)
MEZ,

JLE NP FLE, XHER R G052 2 A Kbt
58 AHSE AR 2K BE, 4S50 A g HL A7 7E
WEXRR, ER fEZNEE A 40 s A5 A
ZUEPEL FED JFRE T FeiSER, AR EE,
RERERT T HAGEHIFIE T era FEFMFRIE,
I LSR5 S48 FH 2 30 500 s 0ol PR 5 178-E —
Pt i S5 5 T T AT P erae FEPH (1) 3K KO 3%

AW BRI KA BE, BE S T EPEER R
FHFEH era Fl e FEPR IR B3 LA™ ML
T, AW L, 16 E, AHL b BEE E, MR,
B 1 R TR D) S B R R A, 3 T g5 B s AL
HIAEK, YE, ERER, a5 af 256 I
HIife SR, 3 Al S v RE fih 2 40 A Y A B R IR IL
i, AR 1 MES AR A Sl R RS AL
FIREE 0] eB R A9 5% ST e mRNA (1
WAL e (325KF ) fEBE 0 fh EE, 5
BFEIHES era LB FRIK, M L 2 TR B 5
FZ7E EE, X} e 5 e FE N 36 38 5 0 0 N &2
Z ARSI BE, WREIA S e ZER AL, 1M i ) i
DU LIRS FEAHSE (1) NP b FEZE | erae 1Y
FAA BT efl BIFILBE T, X5 E,
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