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%l E2,.EE2.DES.4-t-OP.4-NP.BPA % 6 M I35k ¥ % KR E M M 38 T # (Danio rerio) % 120 d, W HZEFHL &
BEMAREFNBELA AP B FHEAAERALNA BEFAEZR BASE E N LA BN AERLE, XALEE
RTPCRMZFEEHLEHELXAMBEFRAEMXEANKAHATAR ERENFKAAE R L aFEFTEH RS
R HE P450 113 cypl7al Wik K B ZF TH (p<<0.05), M 2 # & & K0 E 208-hsd FdE B & & K ¥ X E cyplala
MEAELR AL ELTN BB R ZERER esrl hERHANEF LB (p<<0.05); BB 2B AL EE dmed HHEE LN,
T oscps EEERXN B Z FH(p<<0.05), B 4, ## B (Retinoic acid, RA) & & B 3£ FH aldhla2 Wk * 5% FH (p<
0.05), 7 RAFEMEEIE cyp260] WRAZN LR EX., FRENLZHAER A ZNBRGAETHRALTAERZ S
REBHERA FARBARIB M ER R REB AN BB LR NIRRT e REF TR EER, BR S HA
SR ERAERSEZENE L AR E RN AN ERER,

KBER: A EMHZ ML R TRERR BB SR EE LS

FESES:QI75 XEKFRERD A XEHS:1672-6693(2016)03-0020-07

I35 M 38 R S — 2K RE S i AN L L S W MUK PN 43 36 2R 4 B MU E S AR 2R R L i A TR AR L AR
T2 U VT A PTG I B IR B M 5 4T, 2012 4F Jiang S VA AR KB AE P ERA AE VT LDV
RV U] BR VL5 S RVL R P AR AN R R B (0 IR S i R s e, A FR 8Bk 8 340, B2 Fhar s
WA 3R A1) ) R 5 2% 0 0o £ 20 A B XU 1) F 5 1 R DL I I

i F s NT— BN BB MR 7E B AR KT & A, AN DA 8 28 B0 AR 3 ™ R 52 e, S ISR
22 b A B MV R (IR ) B A 330X £ 28 T - & A= 1 52 ), AR F 9 LA ME M 3 1 €6 (Danio rerio) J £ 2 BF 55 %
G T 5 RV X B 0 3R b 2 K Bt i (AT () 1) B 5 VA 3R 00K 5 R 88 120, FH 20 5 J V6 A W) JRE 5 £ 6 B
B A N WFSE I AL R IR E 8 RT-PCR, XK 8 & & FIRE 1 & A= A DGk PR TE 25 9 b 3L )5 1% 36 3k 0K
F-HEAT T AR, 53 0 5 PR A0 35 - MUK 8 U R (P450 113 cypl7al) 22k 5 4 B 3L K (208 -hsd ) i
FHRFER (cypl9ala esr]l) JEE bR F K (dmel Lsep3) FIALBE BR (Retinoic acid, RA) & 1 -5 B i AH ¢ R A
(aldhla2 .cyp26b1) . ARMFFERS T4 7 2 Fob 20 555 M U350 2R 0K 5 2% B X v ol 8 905l 1) A= 7 XU B Ay i 3 S

1 #MRE5AE

1.1 Rk FIFa L =8

S AT P25 S AN AR B AT M B, 178 -estradiol (E2) ; Z Bt 3 M — %, 17a-ethinylestradiol (EE2) ; & 4 B
iy , diethylstilbestrol(DES) ;4-t-2 5 Wy , 4-t-octylphenol (4-t-OP) ;4-F Wy, 4-nonylphenols (4-NP) ; %y A, bi-
sphenol A (BPA) (Sigma A #]) ; s RNA ¥ HL 5 & Trizol (Invitrogen 23 ) ; Wi % il 7 & (TaKaRa 23 ) 5
2 WS (Leica 4 ) s My cycler PCR X (Bio-Rad 4y &) ; NanoDrop 2000 f# & 43 3% Y6 & i1 2000 (Thermo 24
A]) ; GelDoc2000 BE i & & 4t (Bio-Rad A A .
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1.2 WM 5L

SCUG FHMEPE AB R BE T A A I I BRGSO B f R A S P 294 T (0. 360 0. 051) g, SEEG T T E IR
TEHR K F2 8 R G B 37 L VE SRS, ) 38 K (28 £ 1) °C OGRS 14 h oG« 10 h Bs,

BB 1A SIS GH KR i & MESCR AP A i 53R 1 R TSR R R A 0. 05%, DMSO S B i
RN W7 1 AR BB, R0 K A AU A 0. 05%, DMSO, LI 25 & S8 it A 30 L B3 BS54 H
K 1R 3 KA 120 A BRI E 3 S FATHL . B A Ol % 2058 i RS, KRR BRI ZE (28 + 1) °C Lt
TR 14 hJBIR « 10 h SAWE . AbERES SRS AR 6 B CRERL 2 ) 256 f00K5 LA T 41 212 W8 5 ] B, 4 4 B
9 R (RHGL 3 ) e g g 8 T 5 RNA BYHR L,

x1 RKIXERBREHESERAE

Tab.1 A section of the maximum concentration ofestrogen in Yangtze river ng e+ L'
E2 EE2 DES 4-t-OP 4-NP BPA
1.78=£0. 10 2.6740.09 2.07+0.16 65. 264 3. 89 230.84=+16.52 276.97+£20. 48

Vo 2 X By VLR A B R TR X T L XL 3 B SR B SCks ]

1.3 HAEMR
S 0V VR BRI i) RS SR U BRI TR A 24 h, SME CBEMK A ZHIR B B, 60 C Ak, B
JE AT 4 pm AR L HE Je o, rh R B RS 78 DM2700 MG B 5BE B4 g,
1.4 #FE RT-PCR
HL—80 °C R A7 25 HI By 55 50 f0KG 5, fi 52 3MBEET
% Ja A Trizol &) ¥, & B & RNA, &
RNA FI 1 %635 i 4 56 B s VKA U RNA 58

Tab. 2 Primers and their sequences

o . \ 31944 i 5191751 G5 ~3") g
B R OB TR I RNA 21 B ik
N . e P450 118-F CTGGGCCACACATCGAGAG
B, OB 1 pg BORNA 2 8368 Sk 7 & b ’ 118 N A AACGOCAGAAATCE FJ713105
. . 450 11 - 3CGAACGGCAG °C
(TaKaRa 4 7) #6915 % % 3 4 41 DNA ?
TR ANV R -ypl7al-F TCTGATGAGCCTGGTGAG
I AT R 58, B S —#E cDNALT : 3 Hi cyplia KJ905722
BT —20 CIRAE. WS, Fl2E i RT cypl7al-R ATGAGCAGTTTGTGGGAG
PCR ¥ P450 118.cypl7al \cypl9ala . cypl9ala-F CGGATCGGGTCCTCGGTCGT KE206362
20B-hsd . esrl. dmcl . scp3. aldhla2. cypl9ala -R CGGCTGCTGCGACAGGTTGT '
cyp26b1 KR mRNA Rk 28 1 ik Ak 208 -hsd-F TCGTTCATTCGTTGGGATA -
P71 B9 A6 PR RO TR A AR 2R HE K 208 -hsd-R TGCCCTCCTCTGAAGC
). 2% 2, 5 KA
ARRERUEIE LSS ZIKEEZL P R A esrl-F ACTCTCACCCATGTACCCTAAGG
N . { X o o 5295
Hoefla, HEIEPGIFKATH . 04 C esrl-R CGGGTAGTATCCCACTGAAGC ’
3 min;28~30 MEH A 94 °C .30 5,60 C,
, 4 : dmecl-F GAGGCTGAAGGACATCG
30 5,72 °C.30 s; J5 ¥EH 7 min; efla: me o GOACATCC NM001020782
. , ] . dmel-R TCCAGCCGTAATGGCAA
94 °C.3 min, 25 NI B 94 °C. 30 s,
60 °C.30 s, 72 °C.30 s; J5 4Ef# 7 min, scp3-F GCGTTTGTTTGTTGGATT AYEO1674
PCR =¥ 7 1. 0% SIS 46 58 e I v, vk (EB scp3-R CACCGTCAGTATGTTTGG
geth) , % )G % FBE IS 53 B 8 Quantity aldhla2-F TCCAGGAAGCCGACAAGG AF288764
One BE47 %35 BE 43 0T . aldhla2-R CCAGGGTAGCAAGGTAAGCA
15 gt eyp26bl-F  TGTCAGGAGGATACAGAATAGC
SEG 45 SPSS 13. 10 #f: (SPSS, cyp26b1-R AGCCGAGGTGTCATGGGT
Chi L, USA) #1712 L. p<<
lcago‘n - US i“% o e 5 p eflaF ACAACCCTGCCAGTGTTGC AY122002
0. 05 W Hy 225w i . AELIIM Graph Pad eflaR GTACCGCTAGCATTACCCT ‘

Prism 5(San Diego,CA,USA) #Ff1224i .
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2.1 B FEENEMN

Xif R 20 BE b £ $E S
EH - RZAERENERNAA
] & & B 30 A A R /N 3
A [a]— & 75 I 351 4 A= 58 40
ML CE 1a), BEAAFE 120 d
Jei » BE I (S T & A B
A A ORG A R I ) B A= R
INBEYR > NG R AR R
P4 BE 5 1 A B A0 M O B

N a XHRZ b B b g
HEDMARA L CE 1D, B E Tk FCJ%QIHJ;@, il@ kNG BE 40 5 B = B F?QEHEE;;EL Eﬁlﬂﬁ/ K B9 - R
B SRS R A Sk R BE 2 M 5 PR = A TR T 4 SMERET RS- E
g S B EiE A
22 HMEXRKEEEREBE |
v B3 A
R Rk B R | BAAEMMED G ST R AR
g i RT-PCR 45 R Fig. 1 Influences of combination treatment on spermatogenesis in zebrafish
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A E N R G B EL R P450 118 Ml cypl7al BOFR IR B 3 16 (p<<0. 05) (H 2a.b), L H & P450 118 BY
FIRVETIW T 145, MM RS ML cypl9ala (B 20) FIZLELE G BRI 208 -hsd (& 2d) F 26 35 W% A
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papiiEil | Ak BE2H O | Ak s X HRAL | e il 0 Xt A4 | LT
S A SEE b HE S AP SZG AP
a P450 1183 b cypl17al ¢ cypl9ala d 20B-hsd
RS RRER BE(p<0.05) HEAL n=9; FF.
2 BAAMEXMNEEEASBEER P450 118,cypl7al scypl9ala 208 -hsd FikEH 0
Fig. 2 Influences of combination treatment on the expressions of genes of steroidogenic enzymes
P450 118, cypl7al o cypl9ala s and 208-hsd
2.3 WMEHEZHEEREARIEKEHNF I 150 [ *
g i RT-PCR &5 R R BG40 2E 120 d )5, B85
O ME R ZAREE I esrl B9FRIKR W E 1 (p<<0.05),
2.4 SR A HIRIEEE dmcl Fscp3 BRI
g it RT-PCR 45 R WoR  BCA AL HE 120 d J5 385
TS R AR IR SN dmel B RB A B EFEL .
(P 4a) LT scp3 14635 M4 b 5 AR Cp=<0. 05) ([l 4D , O T Xpwm b
2.5 % RA & B 5 MR B &M AL
E e RT-PCR MR ST 120 d .56, B3 BRELEXIMENEZE sl BE)REKFHRM
RS Hh RA & R H H aldhla2 (3235 5 2% (p< Fig. 3 Influences of combination treatment on the
0.05) (Il 5a), 7 RA [ fi i 2 A cy p26b1 9 2 1k T 9 A7 expression of the estrogen receptor 1 (esrl gene)
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AR (] 5b)

1501 150 150 150
2 o < X,
2 100 L 2100 F = '_gl()() —= Zoor —= —
iy iy * & K
= = Uil =
=< =< — = =
z L z L o =
= 50 = 50 = 50 F "é‘ 50
z z = z
= = |~ ~
£ = ] g
L 0 ! 0 I 0 I
X HRZH A3 XTRRZH phgiEEl XT R gkl XTHRZH Qb PR
S b P Fegm Ak 3 SEHAL B SEE b
a dmcl b scp3 a aldhla2 b cyp2661
4 BESEINBHMSHRIEER dmcd M scp3 BIFM B 5 BXELEI aldhla2 Fcyp260] BEEBIEM
Fig. 4 Influences of combination treatment on the expression of Fig. 5 Influences of combination treatment on the
dmcl gene and scp3 gene expression of aldhla2 gene and cyp26bl gene

3 5t

B E 2R BT L 2% ) 65 1 PR BT MEV R S W R I TR MR IR R SR BN TR AN SR E
WFFEA ) AR IREE th A BECR 5 Qe T AR B — b B . BT, A =& 215 e ¥ R 47 ) K&
Ak FRAFE 5 6F 0 P S R e R TG 22 o R B O 3R AR ) S ) 8 2R T R AR IR . AR OY FH 2 R R bR
HEW R (E2  EE2,DES . 4-t-OP \4-NP I BPA) ™ X BE 5 g AT K MW (120 d) B 88 S0 0. 4 2% 5 ) B AR AR (AR Y
F 6 ng e LA EE2M) AAARBIF LB KNI G B UIme ™ E TR S AR SR T I FRAED R, 1%
TR KGR E D R 52 P Ak B B0 A BE A RS REAR D I 3 %

MEB R (FE S 11-H B 25 (11-Ketotestosterone, 11-KT)) 7E i B i 258 1 & A v e @ M /E P, W
P450 113722 54 M 11-KT f 82 A 8 [ BB i 2 — , T ik R 3 1K 7K 1 1 v AR e 6 A J8R 10 2 s oK
o ARG B ME R B R S BRI B D AEORT S5 P ME VR KON AR S R B 2 W Ak B BE D R T
Al AR RIS AUHE S R S SR R P450 118 MY 26k 9l B 2% T IR (p<T0. 05) o A WOME 0 2 AR 19 2% 0
Mt 3 ey pl7al™ 1 FR WA 2 B (P<<0. 05) . P ULASHIF ST HE M, 25 9 b 3, e 3 38 & JOAH DG il 2838 T
A BB SR B 0K - A A B A A L DA

5 B A0 R AL ME R S Y OC B PR B X TN cypl9ala WY FRIKIKF 5 MEBER 09 G UK 2 IEAM
R R R R R TR RE N cypl9ala mRNA B FRIEH, REE P, cypl9ala B 13
KKV IF AR AR A, SRR b B S MEBR K P AT R AR AR R R, AR BK A Ak B B D fRORS 5 b ME R 2 K
B esrl WK EFH(p<<0.05), TCRMEME FE5 1AM R Z K (esr D) B S G R #EAEBAN T, H
AU ME U 2R P S S b  esrl B DRI () 2 T KT 1 i M R RO Y DR, A 2 W AL 3 L B £ PN R U R K
ST RE A 3 A AL (VR 2 A RE PR A Y U T R SR OB A S A 0ONE L O T B R 2 5 R B £ Y
UL Y A=Kk Ry N

TR BRI (170,208 -DP . DHP) 76 £ 288 7 (9 i AR HERS 3o A2 ke gk 5 PR T, 208 -hsd J2 4 i DHP
Ay G EH T B 4E 17-HP(17a-hydroxyprogesterone) [i] DHP fJ#64k5Y . RBF 9245 B R, 25 WA 3 )5, 208 -hsd
FE R R I A WAk . DRt aT DAHEDN L 25 W kb 3L S, B f0 i £ F kAR B AT BB S5 DHP & B SR A K
P,

A WTTE R B PR R 3 B R ZRS T  AR BAS BR S N IR UK Y R A 2 B L ik R oy R e
2% U AR JCEE X B B i F Y R B, DES RE 58 35 40 08805y 24 6R 0 HE I domel 3R K, DT 90 A 98 KR oy
Zaloe) AT I B A AL BRI L BE SRS P dmel WK A WL AR AR X 0] RE 5 A B 5T T FH 25 W ) e
AL, HAMREYL2.72 pg « LAY E2 5 10740 FHHE P BE 5 £0 538 2ok 901 sc p3 FE PR 28 35 BHL s B 25 £ 1) ik
Bor R X GARBR G S RARL R, A B9 50 4 00 K 45 A 2HL B 06 30 5 10 TR B TR sep3 AR dmel 3R 3K I 5
Ih 1 R U AR S L NI B0 1 7 0 SR R B
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TR H R A B A0 A kAT 8 0 AT B ST A RA N L 26 L 1 2 R A I e B o R B B
T AENE L IR B K AR RA Y KT 1 R WA o S R B A 2 B VR G M RO 2 0 5 M
) K L 2 2 U ek % R A ME Sh i (A 46 B 40 28) B PE R P RA JKOFEJE i RA A B (32 2 )2 aldhla2)
IR it g ( 32 2202 cyp26b1) B[R4 FH 58 ) iy . ARBF 58 v BB A B S aldhla2 36 Y 5K 8 3% 1T
(p=<0.05) .1l cyp2661 AYFRNBEA S, T W RA B KF 0l filg 2 0 5 T+ . 0 i 4 0 RG D 40 A 9 2 1k F0kS T
A0 A BB 24 e AR L O O A A B R R R L (B TR RS 0 S 0 R A LT (sep3 FER
IR AZ AN B BE S IE 8 RS & 2B TR A BEL I 7R U A8 o 240 L 9 5 S0 I A B A0 A K R e A TORS T OK

W

5 LT IR 22 b 0 S M AR AR I IR Ak LR 7 R O B ARSI RRZ R TR L 24 ) Ak B
Je e AR B BT AT BT A AR RO T e e KR o3 SR B R RA KCF BB DA G . DRI, BRI L
R0 PE D ARG 1 S A R0 T BE I Al — A B BOLA R 59 22 A0 BT 2, T2 — R 9 50 1 e A AR DGk TR R 0K

AR B S ] 45

ST Fp A7 AE 22 b 20 58 MR © o 3R HL iy T3 28 90 i 4% 11 A9 500 A 0, DRI A AT A 22 90 T 33
FRRON Y B A A R o £ 28 IC R AR XU L A X — RS M E — EORRES DR R AL, A
FUUESE A H SR K B 35 0 3 2R 1) K P ARG . {ELA% ol A S5 0 98 2% 5 5 ) 500 1 B R I T ) S AT 25 3 1 26
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Animal Sciences

A Variety of Environmental Estrogens Lower Dose Combination Treatment Induces

Spermatogenesis Dysplasia in Zebrafish (Danio rerio)

ZHANG Qunfang"?, YIN Pan', LI Yingwen', LIU Zhihao'
(1. Chongging Engineering Research Center of Bioactive Substances, Chongqing Key Laboratory of Animal Biology,
Chongqing Normal University, Chongqing 401331
2. Key Laboratory of Freshwater Fish Reproduction and Development, Chongqing 400715, China)

Abstract: Male zebrafish exposed to 17 -estradiol, 17a-ethinylestradiol . diethylstilbestrol, 4-t-octylphenol . 4-nonylphenols and bisphe-
nol for 120-days. Histology result showed that, the combination of these drugs seriously impaired the testicular development and
spermatogenesis of zebrafish, including germ cell loss, cavity resulting from decreased sperm count and proliferation of spermato-
cytes. Semi-quantitative RT-PCR results showed that, the expressions of enzymes responsible for androgen production (P450 11p.
cypl7al) were significantly inhibited, while the enzymes involved in progesterone (208 -hsd) and estrogen (cypl9ala) production
remained unchanged. However, the expression of estrogen receptor 1 (esrl ) was up-regulated. Besides, the expression of scp3
(while not dmcl ), the marker gene for meiosis. was dramatically suppressed. Furthermore, the expression of retinoic acid (Retino-
ic acid, RA) synthase (aldhla2) was significantly elevated, while that of RA-degrading enzyme (cyp26b1) remained unchanged. In
summary, we strongly suggested that the testicular dysplasia and spermatogenic arrest caused by combination treatment may result
from reduced androgen enzyme level, enhanced estrogenic effect, and both improved meiotic prophase and arrested meiosis anaphase
in adult male zebrafish. In a word, more attention needs to be paid to the possible reproductive risks caused by relevant concentra-
tions of environmental estrogens in the nature waters.

Key words: environmental estrogens; zebrafish (Danio rerio); spermatogenic dysplasia; meiosis; gene expressions
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