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aRA"

ﬁj'ﬁjjﬁ ]’27 % HB—%I, TN
(1. A B K7 B 22 8 5T R 2RV 5 52 7T
M AR A FR B B KT BRI S IR E RS, TR T 510380;

2. RREEERE, KPEREERELRRAFE RGO, B 201306)

WE: A EaENMIEIAENEKES, FIATUESEHETFLESE 2 &
Wk, BARGVEANE. SRXAHNELERER X, BABFLXEO 50,
10072200 mg/kg 44Nk & B 1 170- F 2L £ B (MT), #4484 8150d, W F B 4 22 A F
HeWREMM DA T REERZME —FE,). EWRMMI-FEXEFHAI-KTEEH R
e, Bt Ead BB T t. UROHALMKF LR LT, AN E304F
G, A ALTE 0 E BT AA IR B . 30~150d, 50 mg/kg MT4L 38 41 2 0 U BF 4m i Y 4
i BRBZ B ], R BB % 100 mghkg MTAL 3 41 8y 4 74 40 i % 1 #) 12 /£ % & T 50 mg/kg
MTA A, THERRERCEAEREDN SE, FOBLLFHAY; 200 mgkg
MT 4L 22 20 4% 9 38 MR A 850 mg/kg MTA ZE 4 W 8, 184 & 20 f B9 30 & 2 T 100 mg/kg
MTA 4, MEBANEALAERAM. DFLABEREZNELEER T, HELRA
BEWMT, B EHEEAE, T4A5dR A2 xEE, 2 FETFRATE, EMEFa T
MU, RENEHNEEES, MEFMBEENAT, HE K FHEHAE. MAMT
HREEGEK, SABHATREQINAEFREZEREMR, 45SdELEBARER K,
HEMT)]R EEEA X, 1I-KTUHFREREEAE. FREKHA, 100 mgkg MT N H P 3 4%
REHWKRE, MTIFERHEEES M FE A E, KEMRBRBN, AT IEHEITER

AR, R

KU B a; 170-F EEW; BRAT; BEEBRE

FESHES: Q9544; S965.112

. Af1 (Ctenopharyngodon idella) &% [ £ 1)
FERRK ZFFIRIH IS, 20164F 7 i 514 589.89
Tit, SRR A RAF R R 21% . BAR R
FrFH R AR R AL, H R B = R A K
IR P =l B B W] Fp 2 R i, RAPIEH
5 BB B ST R M. A WTTE RN, A
AN PATE IR 7 B B B 2L L M £ A R 5 A v
10%L4 B2 F B A — A AR 3, A SRRt s
15 U XXM 11 5 XOXAE PR A £ P % B0, AR 4
W Bt R, T R I R DR R R i b B R
@A oAb, A A B R AR AT XX A B

i BHA: 2018-02-02  {&EIBHA: 2018-06-15

XRkIRERS: A

PR A R ST R Y OB ER P

170-H 3 Z2 i (170-methyltestosterone, MT) =
AlEFEMAEREVESS B AT, BT RAE 5k
BT RE , 78K 77 35 58 b 3l VR Ry i e i f0
PEAL B PR S e R A, R A
FXMTIW N SR RE I FEfE 25 7 . AR
10 mgkg MT, 7] B I1155 5 25 F (Paralichthys olivaceus)
Gy PR T [R] AE VR B R MT L AT 47 1 A R
N5 (Dicentrarchus labrox)HEEAL™; P FE e &
% Ak ff1 (Oreochromis niloticus)fa 14 fi it MTHE B &
60 mg/kg, KT ixX — ik BEAEPEREEALY; R LL

BT B = 45 AR AR R B 15 T (CARS-45-04, CARS-46-03); |~ %4 H R FL 23 4 (2015A030313702)

BIEEH: ARA, E-mail: jjbai@l163.net
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B AR (0. mossambicus)TE30 mg/kg MTH] gt o]
DASE Mg, (WA R) ol i s AT e 3
W 8 (Poecilia reticulata) . K F L8 (P. latipinna)=§
1E8 B (Poeciliidae) £ 2% f il MTHK 790 mg/kg!”,
R} (Cyprinidae)iif 25 40 P A% 5 & 2 5 T AE 86 R
RO, 3 3 9 B3R Vi B I D5 S T 3
P S U

PEE B R AR AT . KB HT
AT 478 L1 A B TS AR L T e S T
P W AR AL E A S M 5388 4% M 1 A4 o I
P A R UL A o G R 32 R SE T (tes-
tosterone, T)A111-F & 22 (11-ketotestosterone, 11-
KT), Wi F2 A (estradiol-17p, B! "1,
T AP 30 A R e, S T R ) 0T 9
R ULARAE o A S50 A1) AN [ e B MTHE R R 5
S B AR AL, LI AN [ v R A KT P
PR A5 AR AR A, T e MTHE M S 0 fa P i
4 o A VAR BB, () S AW 9 S O 2R Y AR
PERLAE LSBT Sy 4 il 3 o b 0 B o] B2 At
ARIHE
1 MekE J7:
L1 SRR

S AR B b E K PR ST BB VK
WG AT S e, R4 W, HEIAR Rl L
Pk 600 MUHE —3K[(20.00£4.33) g, (12.34+0.90) cm]
14 e RS
12 EZERXF

170-H L E2 [ ) [ Sigma/y 7, J& K4 DNA
PEHGAF GI H )M B AR A BR A F], 2%
PCR Solution Premix Taq™ (TaKaRa Taq™ Version
2.0)fy F TaKaRaS AEW TR (KE)VARA A, 52
T R0 M SIS 2 A3 AP iR & B b st g AR
P RWEGE T, 11 - e 52 I i HK £ 352 43 A 1K )
& H Cayman/A A .
1.3 BREEZMIENMESS5RFER

FH 3 52 A 1)K F EL-Greisy %5 Y 2, B 55
PALFE, F2PES0. 100, 200 mg/kghf BE 75 (A R
50 MT. 100 MT. 200 MT)FREUFFFMTIA T— &
FIEE95%HY L WEH, 383V itk I X8 A0 W 0 A 1)
I, B 40 °CHLAEMEA hy X IR AL AL R W
MTIH95% & B A I FE AR 3 . BT A AR RO 1 442
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TRAF

SR i 45 B I RDRE MT R B 1 8 e N
44, HHI1502, /7 51E T210 m’ AR K e
d i 3%, RS M 20164E 11 H JF A 2201 74F
4SS, BRI I150 do SR, KR
ANE B RS, BRI IR, oK EL 173,
BRI : 00 amFl4 : 30 pmA MK, HELMWE
YRR R 3%, AR IR ORI R
PP BT, A A B 2 ek X R A
YREE P

14 REMAEE

B £ i 6 2% 2 214 UL P I DNA, Al
FHWang % UOVTF & 1) & M I R 5 0 5| 0 0 A7
PCRY™ Y, % 5l 50 10 358 A2 M ) (Bt > A 9 34 20
— PR, MEMETC ). PCRY™HE Y i i
J¥ K95 °CHLAE 4 min; 95 °CAEH:30s, 56 °C
B k305, 72°CHEH30s, H30PFHER; 72 °CHE
{85 min,

15 MEREAFUE

SEH A W T AR S . 30, 150F1210K Bl &
it BBk e A (1 ) Bouin PRV [T 5 o 28 3]
SE24 RS ARE K . HIRE | A
P R B 6~8 ym, H AR —HFOMHE)Y 6, H
Leica DM2500 5 i 5% WA I 411 IR . F A~ b 340 45
W B i B S e et FH T VR AR A 5 D0 R

1.6 I 1% BB 3 = AN E

SEE TS, 30, 45, 60, 100, 15070
210K FEATHE SR AE o Bl AL Bk 32 S 56 20 fE £10 ]2 Xof
R Afl f0 4 3~SRE MR BT 6 . MK, T mLidE 5
ARERKCR I, 4 °CEFE2 hJE, A3 000 r/mini
015 min, IML7E-80 °CLRAE, TS HIBEHM R
4 2

THRIE 1Y 75 i I 7 SR JH 36 40 TEU B2 43 BT ik
i 3R B R 00 I VR e D (B T) R £ 19 T3 S
PURE (P1-E, 50 1-T) 3 [7] 55 B o i 14 5% 4 Pk 45
&, WHIE—bAE &Y, e 5 G YR
PETEVE, IR Hl bR e LR, RS B I
HHPE,. THISH,

11-KTH 5 12 0 7 R T 5 4 K B 028 53 BT 1%
i B R A 00 L 0 5L (1 1-KT) RN B B i (11-K T-
AChe) LAl SR REUIATE S 45 G, WP —
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PR E &Yy, @Ry e s N E 2 A YT
R (412 nm), FEmad 2 brdEdl <, TR AE]
I H 11-KTHY & 5
1.7 BUEAIE

SO ROHE S B E bR IR R R, S5
SPSS 22.0%k i 4741t 43 B, #ff F One-Way
ANOVAMEFT 220 H1 iy Rl I % F Duncan[k £
BRI AR 25, LEUP<0.058 R ER
B,

2 HiHR
2.1 ARFRMARRE1T0-MTR E & 14 iR
bAoA

ZPCRYEE WAl B V], HHEAT 41817
FrWgE, ZIRXNEEIT R R AR (R

PIRR ). it 25 $5 PR B[] 0 E 4, XoF FE 4 £ v e
10 O T A0 M A 22 57 %400 T WO BRI, Of %
Wik B IR AN T3 . X BR i £ P A5 4] A i
U AR B AN M R O ORE A L, BB oy 24 ARG
YA T, ZGPHBEMRIE, 50 MTA100 MTAL F
HFMETF RS AT H B0 1 A 7 A0 A sl D (1T i -5,
9), 30~150 diisf, 50 MTAL I 2 51 £ 41 Jfd 14 4 ik
S@ER e B TR S R R A 1 I = B
%%, IR ILAE G (B M-6, 7). 100 MTAb 2
LR I A A 3 2 (E-10, 11), 210 dAFF,
50 MTHS B Mo A7 90 4 52 Jin BH &8 (€1 Rz -8), 100 MT
PR R RS IR A s, A ERAEE N
(B IR-12), 200 MTAE 304K 52 11 12808 4%
i, 25 B 300 X5 7 70 B2 B OB A0 6, B of
B A7 P R rPORS D A i K K AR 3 (1 -
13, 14, 15), 210 dif, 200 MT4b 3 20 45 o S 77

F1 ANPFRANMARKRELTo-MTX E&EIR L BN
Tab.1 Effects of different concentrations of 17a-MT on gonadal development of C. idella

251 LbF fil/d FIERA I 237
group processing time histological observation of gonadal development

X} B ZH 0 £ (CF) 5 B S5 40 B (Pl iR-1)

control female
30 1 HAGREE40 R (E RR-2)
150 T W, 11990 BE4H (B R-3)
210 11 A R RN (I hi-4)

50 MT 5 B 5 40 i 9/ (L RiR-5)
30 1 RGP ER4RRsb, TFa6R RS SR 4 A (I hR-6)
150 T3, TUHAOR REAHMIR AL, R SR ILA7(BIRR-7)
210 TTHEAGE REANIR AL, RS O S A7 (B AR-8)

100 MT 5 B 5 4 5 (L RiR-9) 5
30 IE 1 O EEANND, FFah HEURS R 41 (B R-10)
150 UPREAN A R AL, R TR A0 2 (BIRR-11)
210 P REAN AR D, AEAE KRR R AN (EIRR-12)

200 MT 5 O S 40 R R B (B RR-13)
30 T 50 BE40 kD, T af H RS SR 40 (I hi- 14)
150 TUHAGE REANM . IR Ab UP REAN A B RS TR 40 M L A7 (BIRR-15)
210 11 HAGH REAN M 220 R, A R L A7 (BIRR-16)

ot HE 4L £, (CMD) 5 J 46 A T AN (B R -17)

control male
30 5 IR 40 e (L hiR-18)
150 T AR BE40 (U AR-19)
210 I 38 T RS BEAn AR (A AR -20)
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EiR ARFPRMARREMT & M IRA LR
1~4F117~207% 1) 3% 7% M 38 XoF [ &5 0 g S5 K kG SLAES dy 30 d 150 d 2210 ARk . 5~8, 9~12 8% 13~16%) 5 7 Hi i i H7E 50
MT. 100 MT%200 MTAL# F5dv 30d. 150 A% 210 AL A4 . Ho MARET L RN N R AL, A gnai kRSO0 REA0L, 20 tagn
Sk RN NG RN, R AT S R A O REAR A, R i Sk s e AR T 4 L

Plate Effects of different concentrations of MT in feed on gonadal histology of C. idella

Histological examination of 1-4, 17-20 show the changes of normal grass carp ovary and testes at 5 d, 30 d, 150 d and 210 d respectively. Histological
examination of 5-8, 9-12 and 13-16 indicates the damage degree in grass carp ovaries after 50 MT, 100 MT and 200 MT treatments at 5 d, 30 d, 150 d,

and 210 d, respectively. Among them, the black arrow indicates oogonia, the white arrow indicates oocytes, the red arrow indicates spermatogonia, the

black arrow indicates apoptosis oocytes, and the white arrow indicates primordial germ cells

B4 550 MTA B B &, {HEMEE LSRR T
100 MTAL ¥ 20 (%] Z-16).
2.2 FARFERMAERE170-MTRT I 5E S 4
KEERHZENZI

17a-MT3T dn 3 o 22 B8R 64 3 oh MT*F I
EHRTH WS R T, 2370 A, Xt
HE 2L e R £ T G 8 3 22 57 (P>0.05), 45 A
M fr ) T 5 YO = T ff 257 A BR4S dRs

http://www.scxuebao.cn

3ALFRA T F AR T X BR4H (P<0.05), FfiE
E, Ak PV B2 19 T e T B2 3 R i 2%, HirPr200
MTATE AR, 100~150 ditf, T 28 fk HL e
Ry X} B 2 JfE 6 >100 MT>X} B8 2H ff £ >50 MT>200
MT, 200 MTZH T &t ik 2% T ) B 20 g £.(P<0.05)
SCERLEHAT, AL T 5 0 R4 ¥ TG B 2 2%
F(P>0.05)(Kl 1),

17a-MT3t 2 7 F E, 89 % MT X Il
THPE MM 25 R, 25 AR M E], X RE 2
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035
030
~ 025}
EE
55 020
=2 015}
= 7 acflaz
= 010 |
0.05
0.00
5 30 45 60 100 150 210
1) /d
time

1 HEARRERE170-MTE 55 P 286895
[ — Iy 31 A 4k ) AN [ 5 B AR A8 R OR 22 7 8 3 (P<0.05), A
Fig. 1 Effect of different concentrations of
170-MT on testosterone in serum

The different letters between the treatments in the same period show

significant difference (P<0.05), the same below

WA R A0 E, B i TG W 25 R (P>0.05), SEIRZE R
BF, MEfE, 7 a2 m T, A MTHR R
FE R BG4 Ab FRAL I P E, Y A TR 25 AR
MR 60 d¥ B3 75 (P<0.05), E,i b FhiEE 5
MTHR S IE H, Hoh4s dink 48 &b B4 (1 E, 34 38
MERKME, ZEFRTE, B8 ERTX
WELH (E2), LIRS AT, B ik B M 2R K I
g X HR 21 JfE £ >200 MT>100 MT> % 1g 25 #f £ >
50 MT,

400.00
350.00 r
300.00 r
250.00 r
200.00 r
150.00
100.00 r
50.00 1

WME — % /(pg/mL)
estradiol-17f

5 30 45 60
i 1E] /d

time

100 150 210

B2 HERRIKE170-MTX IE g = B2 520
Fig.2 Effect of different concentrations of
17a-MT on estradiol in serum

170-MTt f 7 o 11-KT#) %% MTX i
KT WSS R En, 2210 diyiEm,
Xof HE 2L fE e e 11 KT 55 i 2 5 MR [ (%) JE K
B BT, (BT E 2 R (P>0.05), Sk

JEH, MEAR KTV B & T, 2574 R I A]
50 MT. 100 MT. 200 MTH#¥ 11-KT¥#k & 43 78
45, 5. 60 dis i 3 T+ 5 (P<0.05), MiHAKA S
Xof HE ZH M £0 34 T i 2 2% S5 (P>0.05)(I#13),

2500 [ acr
3o 8 50MT a
£ 5 20.00 f =100MT
) a 20OMT a
= 21500 f b
=3
# 2 10.00 |
# 2
2T 500 |
- 0
5 30 45 60 100 150 210
N ETPA!
time

B3 RRAEIRE17e-MTY
1 57 #1182 22 B B 220
Fig.3 Effect of different concentrations of

170-MT on 11-keto testosterone in serum
3 e

R R B 2 N IEME TR B2 m
HPIELER MTIN 2352 e B S A — 0 kB . AL
WA RN, WG HNE30 dB SR 45 R, 50~
200 MT#%4b H3L2H % B 43 AL st (8] 5 AN 6] 25, HLAE
— 2 B (6] B2 P H BT TR A B B 4, T X R
ZH DN SN X AP AR AL, ITTIESE , 4 MEMT
REA RS T A MR AL . 100 MTA 3 20 55 46 2%
SR R R o R D ML, P A i
B . B D (Danio rerio)fE R FER LR IRE T
U AL T P 300 0 A B S A R A R
PEW A, KSR ARG A, BV P, K
Ji 448 B 3R Ak 1 B B 20 B L AE Bl A T A R
SR, N i A RN OAS B A ok v R b B £ e 4
Mo X —7A2 bR 5 IR s A 5 £ (Epinephelus ak-
aara)? "WEW L B AR AL —EL . 50 MTAL B4 4% Bt
W HAEIE W O BN, X PR R A MT
AR BEAIG, AR RE 5¢ 4 BH 1k 35 PR TR 1 AR
FE 1A R B AR B RE AR L, 200 MTAR #E4H
AL T R T B A B, A B B ) O
BEYNM, X AT REEMTRYMERL R B0 51 . 78
BE L r 2 iE S5 MTME 0ER 000 -5 0 98 3R A0 2,
EEA MR CROP R LT RIIGE, XA
“MT FIAH 2P J& () M Ak
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E,fEJH 2 OR S 404k, R 45 00 BRI R B
AR, BMEMEDREEZE . MR ER,
AR R, HIE RS B 2 R e 1L
WABLAAET RN AR R I M R MT
P F o s A BE A PR R FR B VR T I 3 AR
b AR EE R BN, MTHE 2 HE & b 5
RINE Ko MR EHEE T H, TNE, B AT
YR, BEE 25 R R P AE K, A5 Ab B4
T B AN [7) A2 3t BB AIR o % M P 6 (Mugil ceph-
alus)?V 5 M\t H A 688 fifi (Anguilla japonica)”™ H
MTARE L LEE BT 5 f B AR A BE G o T Tjiri
PRI Tsai % WA A MTH o b 38 5 7 AL B3 1
PR TR O FANE,, B TARLIE W&,
HEM TR 805 AL B AL I 45 2R . A M5
UERA,  BE A0 AR PN E 7K 1 e 2 331 B9 S 04 &
B, TEMA 88 (Gobiocypris rarus) 5,
100 pg/L MTH] DL i f6 B, & 5 W 2 7H Y, B
HEMEARDS, T ELE Sy S 3 28 %55 B B 440 i Bl 28 119 5%
M) — B AFAE S, TE K- 5 (Gadus macroceph-
alus)®® . B 5 LR (Ietalurus punctatus)® |, 3R %
1 F-fil (Clarias gariepinus) {58 H B, 5 B0 HE 40
Mubp v KRR R IEA G, M, A4
SRR, A sk EEE, S U 40 i Y
R AR I I A OG 3K 55 %) B B (Monopterus
albus) WSS R —2, ARk, AR
B B, 1A M 3 2R RN, AE X G I S i F o vh 2 B,
MEM RN FRETREEZEMMEN, I T
i B R W) o R AE Ay < R 2R ) AR T
Miura 2l 2 (OSBRI B IR RSk 1B
7 25 [ 0 25 k8B R T A& AR A0 S 4 W HIL
il BFFEES A Hh e B TR T T 2 A Y S
32 RARMEFCR B 9, T 11-KT U A 5 ke
HAVERT, JF N EAENE F & B RN & — R oA T ik
DR CHEBE . AEXT B B (Oryzias latipes)™ &™)
FIAESE T, R A B B B e R R D T
YN X AE . ASSCEG H, X R AL £ R A B
NG A E WA, EyK-FZir B Fb . e 5r
PR R R, BB MERERRY, B RER
T A BT MR R AL

Zr L pTIR, MEMER AR R R, s
B — BB T. Eyf11-KT, E ik IYA%
AT DIAE A MTHR A i 1Y 2R BREE 7R o AR 584k
fER VR F R B, — & WRBEWE, M) LLiFS
SR IRANM A K, 100 mg/kg MT w0 £ 1 5 i
BOGEWRE
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Effects of 17a-methyltestosterone on gonadal development and
hormone levels in grass carp (Ctenopharyngodon idella)

YAO Wenli '?,  JIANG Peng ', BAI Junjie "

(1. Key Laboratory of Tropical &Subtropical Fishery Resource Application &Cultivation,
Ministry of Agriculture and Rural Affairs,
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: By using the growth superiority demonstrated by the female individuals of the cultured grass carp, the
method of breeding the whole female grass carp species by sex reversal is discussed, which has a good application
prospect. The 17a-methyltestosterone (17a-MT) was selected to induce female-to-male as the male hormone, and
set 4 concentration gradients evenly mixed with feed, i.e. 0 mg/kg, 50 mg/kg, 100 mg/kg, 200 mg/kg, which were
respectively fed for 150 days. The objective of this study was to investigate the effects of different MT-treated diet
on gonadal development and the changes of estradiol-17p (E,), testosterone (T) and 11-ketotestosterone (11-KT),
and further the characteristics in the process of grass carp sex reversal. The morphological changes of grass carp
were investigated by observing the changes of gonadal structure and serum steroid hormone content at different
treatment levels to explore the sex reversal. Histological sections of gonads results showed that spermatogonia
began to appear in the ovaries of all treatment groups from the 30 th day after feeding. With the prolongation of
feeding time, 50 mg/kg MT treatment group can inhibit the formation and maturation of oocytes, resulting in
developmental delay; The inhibition of germ cells in 100 mg/kg MT treatment group was higher than that in
50 mg/kg MT treatment group, the gonads had been occupied by a large number of spermatogonia, and there was a
tendency of developing testis at 210 d. The ovaries-testes state of 200 mg/kg MT treatment group at 210 d was
more obvious than 50 mg/kg MT treatment group, but the number of spermatogonia was less than 100 mg/kg MT
treatment group, while the control group ovary did not exhibit spermatogonia. The results of serum steroid
hormone revealed that E, increased significantly which to some extent depended on the MT dosages, reached the
highest value at 45 days and then decreased steadily, but was still significantly higher than that of the control
group, however. With the development of early stage testis, E, level of control male also gradually increased. With
the prolongation of MT feeding time, the concentrations of T in each treatment group decreased to different
extents, and the biggest drop occurred in all treatment groups at 45 days, which was positively correlated with the
MT concentration. The 11-KT increased to varying degrees. The results show that: 100 mg/kg was more suitable
concentration to bring about sex reversal, MT can cause the early female fish serum E, to increase, and exert the
effect of androgen, thereby promoting ovarian egg cell degradation, and spermatogonia proliferation.
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