54 3 Vol.54, No.3
2023 5 OCEANOLOGIA ET LIMNOLOGIA SINICA May, 2023
(Danio rerio)
*
1 1,2
(1. 061001; 2. 061001)
(semicarbazide, SEM) ,
1 10 100 1000pug/L SEM
96 h , 17B- (E2) (T)
HPG , SEM
, 1 pg/L SEM HPG S
(sGnRH) sGnRHMRNA , (FSH) FSHp (LH) LHpS
P450 19B (CYP19B) CYPI19B , 10 100 1000 pg/L SEM
sGnRHmMRNA c (cGnRH) ¢GnRH CYPI9B
; SEM 3B- (3B-HSD) 38-HSD P450 17
(CYP17) CYP17 P450 11A (CYP11A) CYP11AmRNA , P450 19A
(CYP19A) CYP194 , , E, , SEM
HPG ) ’
; ; HPG ;
Q142.8 doi: 10.11693/hyhz20220900234
(semicarbazide, SEM) , 1.0~41.5 pg/L ,
, ( , ;
2021) SEM , ) Y-
( , 2003) (gamma-aminobutyric acid, GABA) N-
, -D- (N-methyl-D-aspartate receptors,
(Stadler et al, 2015) 2003 NMDARSs) (Maranghi et al, 2009,
, 2010); ,
, , ( , 2008;
(Maranghi ,2021) Maranghi (2009) SEM
et al, 2009) (2010) ,
, 17B- (17p-estradiol, E,)
(46.41£21.22) pg/L, 6.46 ,Gao (2014) , SEM
pg’kg Yang  (2021) vtg
* , ZR2014DZ001 , 183304001 s s , E-mail:
glinlin11@126.com
:2022-09-12, :2022-11-17
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ERa  ERf , Yu (2016) , SEM
SEM 28 d CYP17 CYPI194
, E, 1
SEM , , SEM 1.1
, , SEM 5 (Danio rerio),
130 d , HPG kiss/gpr54 (0.36+0.06) g, (2.87+0.18) cm 4
GABA (Yue et al, 2018), SEM ,
28d , SEM , , , 24
(testosterone, T) E, h : pH 7.5£0.5,
(Yu et al, 2017) (7.0£0.1) mg/L, 14(L) : 10(D),
, SEM (27+£1) °C ( ,2013)
1.2
, : SN-682 Y (
, ); TGL-16M (
20 min ); UV-2102C
, 7 d ( ); JS-380C
(Wang et al, 2020) 96 h ( );
(catalase, CAT) , ( Cosmo Bio ); Mycycler™ Thermal
, 28d cycler PCR ( Bio-Rad ); Mastercycler” ep
CAT (Little et al, 2021) Cd** 96h  realplex PCR ( Eppendorf )
-6- (glucose- : (semicarbazide
6-phosphate dehydrogenase, G6PDH) I hydrochloride, =99.0%, CAS No: 563-41-7)
(nicotinamide adenine dinucleotide phosphate, Sigma (sigma-84940); [1125]17B-
NADPH) , cd* 21d G6PDH (100T) [1125]
NADPH ; , , X (100T) ; RNA
- PrimeScript” Treagent Kit With gDNA Eraser
(Xuan et al, 2021) , (Perfect Real Time) TaKaRa (Dalian, China) ;
RT-PCR SYRB® Premix Ex
, TaqTM " (Tli RNaseH Plus) TaKaRa (Dalian,
China) ;
, SEM
1.3
(Semicarbazide hydrochloride,
, =99.0%, CAS No: 563-41-7) ,
(Sun et
al, 2010; Dai et al, 2014; Wang et al, 2020) 26.29 mg/L (
SEM , SEM , 2013) 46.41 pg/L
, ( , 2010),
SEM 5 ,
HPG R (Xu
, SEM et al, 2013)

10 mg/mL s

B
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4 °C SEM 1 (Tian et al, 2010)
10 100 1000 ug/L, 1.5 PCR
10 L , Trizol
, , RNA RNA
16 , , RNA , ODs60/280 1.9~2.0
96 h RNA (Yu et al,
, 1 10 100 2016)
1 000 pg/L RNA cDNA
50% R , (Hoffmann et al, 2000),
(Yu et al, 2017) 4 Primer Premier 5.0 ( 1)
, n=4, PCR SYRB®
-80 °C , Premix Ex Taq™ " : 20
1.4 uL, 10 uL SYBR® Premix Ex Taq™ ", 0.4 puL
-80 °C , ROX Reference Dye, 0.6 pL (10 pmol/L) 0.6
R , pL (10 pmol/L), 4 uL ¢cDNA, 4.4 uL dH,O;
E, T :95°C 10 min; 95 °C 15 s, 56 °C 305, 72 °C
30 s 40 cycles; 95°C 15, 60 °C
95 °C, 10 s 0.5°C
x1 MOELFZEE PCRIIMFIIR
Tab.1 Primers for zebrafish Real-time Quantitative PCR
(5"~3"
CYPIoA CTGAAAGGGCTCAGGACAA AF226620.1 Hoffimann et af, 2006
TGGTCGATGGTGTCTGATG
CYPIIA TGCTGTGGACGCTTTATGA NM 152953.2 Hoffmann et al, 2006
CAATACGAGCGGCTGAGAT
CYpI7 GACAGTCCTCCGCACATCT NM 212806.3 Hoffmann ef al, 2006
GCATGATGGTGGTTGTTCA
34-HSD AAAGAGCGGTGGTGGGGGGAAA BC093118.1
CAGCAGAAAGATGGGCAGAATGGG
FSHp TGAGCGCAGAATCAGAATG NM 205624.1 Hoffmann et al, 2006
AGGCTGTGGTGTCGATTGT
LHp TTGGCTGGAAATGGTGTCT AY714132.1 Hoffmann et al, 2006
TCCACCGATACCGTCTCAT
sGnRH GTTTGTGTGTTGGAGGTCAGT NM_182887.2
TTGGAGAATCAGCAGGAATAG
cGnRH GGGGCTGATGCTGTGTCTGA NM_1814394 F
GGATGTTTCTTCCCTGCGGT
CYPI19B CGACAGGCCATCAATAACA AF183908 Hoffmann et al, 2006
CGTCCACAGACAGCTCATC
' AGGTCATCACCATTGGCAAT AF057040.1
fractin GATGTCGACGTCACACTTCAT
Elfa TGCCAGTGTTGCCTTCGTC L23807.1

AATCTTCCATCCCTTGAACCAG
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1.6 2 , SEM 9% h
1.6.1 100 1000 pg/L , E,

, (gonadosomatic index, GSI) (P<0.01), 1 10 pg/L E,
(Yu et al, 2016): T , 1 pg/L

GSI-[ () (@1x100. (1)
1.6.2 PCR
elf-a p-actin  Ct
Cct (Gao et al, 2014),
= log,(2°" e 4. ()
1.6.3 SPSS23.0
, (One-way ANOVA)
SEM
GraphPad Prism 8§ , 0.01<P<
0.05 ;. P<0.01
2
2.1 SEM 96 h
( , 2009) SEM
1 , 96 h
SEM , 1 000 pg/L
(P<0.05),
, SEM 96 h
2.2 SEM 96 h
SEM
, E, T
1600
a
1200
9
g
B 800F "
a0
L
400+ =

0
x@a 1 10 100 1000
SEM/(pgiL)

2 96 h

(0.01<P<0.05), 1 000 pg/L
(P<0.01), 10 100 pg/L SEM T

23 SEM 96 h

CYP194 3p-HSD CYPI17

CYPI114 )
T E, (Ma et al, 2012)
3 , SEM 96 h
, CYP1lIA CYP17  3B-HSD
SEM
CYP194 1 10
100 pg/L (P<0.01),
1 000 pg/L
20r
1.5 ——r_ T
Jm
Ix
#H1.0F
0.5}
0 1
XERAE 1 10 100 1000
SEM/(ug/L)
1 96 h

Fig.1 Effects of 96 h acute SEM exposure on gonadosomatic
index in male zebrafish
1 ¥P<0.05, **P<0.01

71

TE&E/(nglg)
D
T

O L
weeam 1 10 100 1000
SEM/(pgiL)

Fig.2 Effects of 96 h acute SEM exposure on sex hormones in male zebrafish sperms

s a. E, ; b.

T *P<0.05, **P<0.01
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3
m 3EH ==1pug/l ==10 pg/L o T
== 100 yg/L ===1 000 pg/L
0 =
K o2b
)
1;(
@
<
g 1 .
E i *k *k : -
CYP11A CYP17 3BHSD CYP19A
3 96 h

Fig.3 Effects of 96 h acute SEM exposure on steroid synthetase
gene expression in male zebrafish
1 *¥P<0.05, **P<0.01

24 SEM 96 h HPG

HPG ,
GnRHs (gonadotrophin releasing hormones)
, GtHs FSH (follicle-

stimulating hormone) LH (luteinizing hormone)

, T E, (Hachfi et al,
2012) , T E,
GnRHs FSH LH
4 , SEM 96 h
, sGnRH SEM
s cGnRH 1 ng/L
, FSHS LHp
1 pg/L SEM
(P<0.01),
P450aromB 1 ng/L
, 10 100 pg/L )
1 000 pg/L ,
O 798848 =1 pg/L == 10 pg/L == 100 pg/L === 1 000 pg/L
% 4 -
% -
x L &

CYP19B

cGnRH FSHB LHB

4 96 h HPG

Fig.4 Effects of 96 h acute exposure to SEM on the expression
of HPG axis genes in male zebrafish brain
1 *¥P<0.05, **P<0.01

GSI ,
(Jimoh et al, 2021)
Hassanzadeh(2017) ,
21 d GSI
(2012) , SEM

96 h
(2017)

1 000 pg/L SEM
GSI , Yu
28 d :

SEM
SEM
, SEM
SEM
E,
T , SEM 96 h
E, T
, SEM
, E,
(Maranghi et al,2010) Yue (2018) Yu
SEM ,
E, T (1 10 100 1000 pg/L)
)
, SEM

(2017)

(100 1000 pug/L)
96 h ,E;
al, 2016), ,
E, T ,
T 1 ug/L 1000 png/L ,
CYPI1IA 3B-HSDI CYPI17
CYP194 , SEM E,
T , T
, CYP11A (cytochrome
P450 11A) , 3p-HSD
(3B-hydroxysteroid dehydrogenase) CYP17
(cytochrome P450 17) s T
(Tokarz et al, 2015), CYP19A
(cytochrome P450 19A) T E, s
E, (Cheshenko et al, 2008)
,CYPI1A 3B-HSD CYP17 mRNA
SEM , SEM
28 d (Yu et al, 2017),
CYPI11A 3B-HSD1 CYP17
T CYPI19A T

(Yu et

SEM
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E, , , CYPI19AmRNA , 1 pg/LSEM FSHF LHPmRNA ,
1 10 100 ug/L , 28 d
SEM CYPI19AmRNA s 28 d SEM 10
(Yu et al, 2017), , , 100 1000 pg/L FSHS LHPmRNA
) , 96 h
, ; s cGnRHMRNA
, s S sGnRH
FSHB LHP

(Demin et al, 2021) , SEM 96 h CYPI19B (cytochrome P450 19B)

CYP19AmRNA
(Ankley et al, 2007)

(hypothalamic-pituitary-gonad axis, HPG)

(Hachfi et al, 2012), c¢GnRH
(chicken gonadotropin-releasing hormone) sGnRH
(seabream gonadotropin-releasing hormone)
, sGnRH
(Bassi et al, 2016)
, SEM NMDAR, NMDAR
GnRH, ,
SEM sGnRHmRNA ,
SEM (Maranghi et al,
2010; Yu et al, 2017; Yue et al, 2018) s
cGnRHMRNA ,
, sGnRAMRNA
cGnRAMRNA (Liu et al, 2013;
Liang et al/, 2018) GnRHs
, GnRHs
GnRHs (Wang et al, 2019), cGnRH
) E, T HPG
SEM
28 d , sSGnRH  mRNA
, , E,
sGnRH (Yu et al, 2017),
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SEM
FSH ,
(Espigares ef al, 2015), LH LH

B >

T (Kwon et al, 2016),

> >

B

) CYP19B
( , 2018), CYP19B 1 pg/L
SEM , T )
10 100 pg/L ,
CYPI19B LHp
(Zhang et al, 2014), , 1 ng/L SEM
LHp CYP19BmRNA
, 10 100 pg/L SEM
CYPI9B LHp
, SEM
CYP19B
SEM )
1 000 pg/L SEM CYP194
CYPI9B FSHp LHf , 10 ng/L
SEM )
(EDCs)
, U
U (Vandenberg et al, 2012),
SEM (Yu et al,
2016)
4
SEM
, (1 pg/L) , SEM
HPG sGnRHMRNA
, FSHB LHF CYPI9BmRNA
, (10 100 1 000 pg/L)
, SEM HPG
sGnRHMRNA , cGnRH
CYPI19BmRNA , sGnRH
FSHB LHp ; SEM
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ENDOCRINE DISRUPTING EFFECTS OF ACUTE EXPOSURE TO SEMICARBAZIDE
ON MALE ZEBRAFISH (DANIO RERIO)

GUO Lin-Lin', LIANG Meng-Meng'?
(1. Department of Life Science, Cangzhou Normal University, Cangzhou 061001, China; 2. Hebei Aquaculture Microbial Agent
Innovation Technology Center, Cangzhou 061001, China)

Abstract
urine. Its effects on the environment and living organisms have attracted more and more attention. In this study, adult male
zebrafish were exposed to 1, 10, 100, 1 000 pg/L SEM for 96 h. The gonadosomatic index, 17 B-estradiol (E,) and
testosterone (T) concentrations, steroidogenic protein, and HPG axis-related gene expression were determined to explore

Semicarbazide (SEM), a new environmental pollutant, has been detected in the marine, food, and human

the endocrine disrupting effects of SEM acute exposure. In the brain, down-regulated transcription of follicle-stimulating
hormone beta subunit (FHSP), luteinizing hormone beta subunit (LHP), and cytochrome P450 19B (CYP19B) in the 1
pg/LSEM was affected by reduced mRNA levels of seabream gonadotropin-releasing hormone (sGnRH). However,
down-regulation of sGnRH was also observed after exposure to 10, 100, 1 000 pg/L SEM, while CYPI9B and ¢cGnRH
mRNA levels were significantly up-regulated. In addition, the expressions of genes that involved in T and E2 synthesis,
including steroidogenic protein, 3B-hydroxysteroid dehydrogenase, cytochrome P450 17, cytochrome P450 11A, were
down-regulated in the gonads, while that of cytochrome P450 19A (CYP19A) was upregulated, which may explain the
decrease in plasma sex hormones levels. Overall, our results show that SEM exerted potential endocrine disrupting effects
by interfering with the HPG axis to inhibit the expression of steroidogenic protein and reduce the level of sex hormones in
male zebrafish.

sex hormones; hypothalamic-pituitary-gonadal axis; endocrine disrupting effect;

Key words semicarbazide;

zebrafish



