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Abstract Through the detection methods of histology, radioimmunoassay (RIA) and RT-PCR. the effects of various
dose of ADSD via implantation on sex steroid contents, aromatase expression and activity in 2-year-old red-spotted groupe
Epinephelus akaara were examined. Groupers were divided into three groups, one implanted with high 4-androstene-3,
17-dine CADSD, 100 pg/g body weight ), the second with low ADSD (10 pg/g body weight) and the third without
ADSD once 30d for 3 months. The results indicated sex inversion in ADSD-implanted group. Fish implanted with ADSD
once (for 30 d) showed significantly lower GSI and complete degradation of oocytes and developing testicular tissues.
ADSD induced females to develop into functionalimales, these males had testes, which were similar in structure from
those of normal males. Spermiating rates of induced males in ADSD-implanted group as follows: 15%, 86.7% and 80 %
(Chigh dose group)s or 10%, 80% and 90% Clow dose group) at the 30 d» 60 d» and 90d, respectively, and the sperm
motility was the same between the control and ADSD-implantation, while all fish in the control were still female with de-
veloping ovaries. Aromatase expression and activity decreased significantly in the gonad, increased significantly in fore-
brain, respectively, after ADSD implanted. Serum estradiol-178 (E,) levels began to increase after ADSD-implantation,
then decreased gradually in ADSD-treated group, while serum levels of testosterone ('T) and 11-ketotestosterone (11-KT)
concentration increased significantly. The results suggest that the increase of serum T, 11-KT levels and gonadal aro-
matase expression and activity may be important to the controlled male phase in protogynous red-spotted grouper, E.
akaara [ Acta Zoologica Sinica 52 (2): 316 —327, 2006].
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FEONR TR, H B AR IRE DX R AN A R A A 55 £ AR HE Ak
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VK, H Bio-Rad GEL DOC2000 73 #7 LUK 4 A5 5
SREE, EHUR YT B — I PCR 76 ¥ £0H 1E B
Ja B B RT-PCR 7047, Bl P450arom Pt H (14
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Table 1 Primers used for expression analysis of Epinephelus

akaara cytochrome P450arom

5149 Fe 4 TR A (bp)

Primer Sequence Position
5 - TGACACCTGGCAAA-

HB-ARF3 , nt 841 — 860
CAGTTC-3
5 -GATGGT-

HB-ARR3 i nt 1 305—1 324
GTCGTCTTCCAGAG-3
5 -GGAGACATTGTGA-

HO-ARF3 o - , nt 363 — 386
GAGTCTGGATC-3
5 -TGACAGGTA-

HO-ARR2 o, nt 709 — 732
CATCCAGGAAGAGTC-3
5 -GATCATGTTCGA-

B-actinF ) ) , nt 461 —484
GACCTTCAACAC -3
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B-actinR nt 1 101—-1 124

GAGTA ACG -3’
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(n=10) A4 DhretE e If 90 % HERS . HLKS T
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Table 2 Number of fish at six stages according to the gonadal tissue during the time course of ADSD implantation (from day 0) in

the grouper E. akaraa

HAE 5 1 18] Day after implantation

THRE 7R 5 0d 204

90 d

Implanted dose

PERR > ] Development stage ™

18/ g
I F1 F2 F3 I F3 I M1 M2 Male (%) F3 F4 F5 Ml M2 Male (%)
0 20 15 5 15 0 2 5 3 0
10 20 20 1 93 10 100
100 20 20 100 8 2 100

* Fl: MEVE 1. F2: MEME 2. F3: MEME 3. [ HEMEMI. M1 Mt 1. M2: HEME2. M (9%): CHEME 1+ BEPE2) (%),
% Fl: Female 1. F2: Female 2. F3: Female3. I: Intersex-transitional. M1: Malel. M2: Male2. M (%): (M1+M2) (%).

2.2 HAH ADSD J5 7% s Bt GSIL HSI 724k

F 3PN, WA ADSD 90 d J&, X B4R R
A BT 2 A = A PE IR $R L (Gonadosomatic indicess
GSD, 4394 0.67% +£0.0763% (0 d)+ 0.752%
+0.0477% (30 d)~ 1.375% £0.624% (60 d)~
0.599% +0.188% (90 d), A 1 RIEHMJE 60
d, XTHEALM GSI ey, K 1.375% +0.624%, 1
I ADSD MU 41 1) GSI 4351 8 =175 (0.088 %

+0.0164% ) K& (0.087% +0.0046%), &
FART XA (P<0.05); [FFES 1 WA )S 90
d, ADSD AbEEZ (1) GSI 3 8 F R T XA (5
A 0.0655% + 0.0099%, % i A
0.0709% + 0.018%); M & ¥5 %k (Hepatosomatic
indices, HSD) FREE 90 d FXS HRA 2% =T ADSD
AP A1, LB I R 6] B R Ak A AT W

|=A
Jt o
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Table 3 Changes of GSI and HSI in grouper E. akaraa after 90 d ADSD Chigh and low) implantation

4 Group

MR G A (D

Days after implantation

X} R Control

77 2 High dose A=A Low dose

«© (HD L
PERBRIR S (%) 0 0.67 +£0.0763" 0.67 +0.0763" 0.67 +0.0763"
Gonadosomatic indices 30 0.752+0.0477° 0.615 +0.053" 0.426 £0.039"
60 1.375+0.624° 0.088 +0.0164" 0.087 +0.0046
90 0.599+0.188" 0.0655+0.0099* 0.0709 +0.018"
JHARFEE (%D 0 1.078 £0.108" 1.078 +0.108" 1.078 £0.108"
Hepatosomatic indices 30 1.219+0.108% 0.962 +0.108 1.367 +0.154%
60 1.106+0.141° 0.844 +£0.197° 0.96 +0.039°
0 1.608+0.109 0.92 +0.078" 1.075 +0.167°
TG TIE + ARUER, RF AR FERER R ZE R B3, P<0.05, Duncan KR, n=5, T,

Data are represented as mean+ SE, values with different superscripts indicate a significant difference; P<0.05, Duncan’s multiple range test, n =

5, the same below.
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BB 30 d 3 R3MAE ADSD 5 5 75 A0 B £ 1
A R, 0 E, S EAAAWE 1R, 8
1 RS 10 d AIES 2 I3RS 15 d 34 ADSD
YL E, &5 W m O IR, s 2 A
J5 30 d FXTIRAL) B, & & B T, thi
XTHEALE 1 GSI M 1.375% + 0.624%¢ &% =T
ADSD H#FE4L . Tt SR E S F3 O Can
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200 r
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405 100 |
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E 50 | a
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ﬁ FZIE 3
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K% 30 d 3 XA ADSD 90 d Ji s s A1 B £
TEME AL R g T &= IL K 2, SR
SN T & 2 e e 35 53 a1 4.

[FIB% 30 d 3 YKHAE ADSD 90 d J 75 i A B
TEME AT R i 11-KT & & 1948tk wni® 3 pr
/N, ADSD IR ALIE 11-KT &S 1 I
JaE 2 d BE T XA, RE TR, 210 d &
fiK, BEGZENE LTt 228 60 d 1A B =g, AR5
R, (HE T AL AR AL M 11-
KT & &3 0% w70 4.

B

30 45 60 75 90

HAE J N E] (Days after implantation)(d)

Kl 1 WA ADSD JG 75 A BEA AL R G B, R IR

C: MHH. H: mflwi. L (GHR=EH,
Fig.1
C: Control. H: High dose. L: Low dose.

2.4 MU ADSD X 75 g A BE A PR B A R TR
AN iR 57 7o A Bl 05 A1 P 52 )
UL ADSD J e IR 2 2 A1 1 57 7 4 i

Changes of serum E, contents during sex reversal by ADSD implantation in E. akaara

BEFE (E4A, P<0.05), 1 WA 5 I 75
A EIE P T, (H T X0 AR S PR 1 AR Ak
ANHE, SXRAMELEEZEZS (4B O
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K2 HHE ADSD J5 /i s B AEPE R AL I R b s T 5 R K224

C: X4, H: w4, L. AL,

Fig.2 Changes of serum T levels during sex reversal by ADSD implantation in E. akaara

C: Control. H: High dose. L: Low dose.
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1% 11-KT & & (Serum11-KT

<

A SN E] (Days after implantation)(d)

3 A ADSD J5 7% SR BEAE VAL FE R IS 11-KT S 214810

C: WM. H: moflid. L. GRE4.

Fig.3 Changes of seruml1-KT levels during sex reversal by ADSD implantation in E. akaara

C: Control. H: High dose. L: Low dose.

PERR DT T A Bl 35 ME R B, O AT b 22 e B
(K 4D, P<0.05)

2.5 JRACABEA DT FAGES P450 mRNA 7E T i
AR FIPEBR AL 2Urb R IA

2.5.1 ARsATBE 5 AR P450aromB mRNA 75
I A (1 Rk

IR mi A BE R B 7 B A P450aromB mR-
NA FIEZ R E 5 Prox, HA ADSD J& 5 90 ds
XA B 05 7 AL P450aromB mRNA 1) %14
APFE, ASSERITME (0 D &ABEZER:
e IS 77 & 41T B i 05 & A6 P450aromBmRNA
BB WE G, S rEREE.

I8 A BE A T AR 5 A5 40 B P450aromB mRNA
FKibgi KWK 6 Frax, HEAL ADSD JE55 90 d, il
Y] AR DY ALEE P450aromBmRNA (1) 3 & B
Thimy, MGG 2 3 4R 05 B 40 5 P450aromBmRNA
(1) 2 325 I WS A7 AR o L i (IR R 4 0 A T v
HREER,

2.5.2 AR BE 5 F AR P45S0aromA mRNA 7
PR R AT A4 (1 R A

75 5 A0 BE T AR 7 AL B P450aromA mRNA
TR R mE 7 Fros, HAE ADSD 555 90 ds sk
F A AR TS AL EF P450aromA mRNA IR IEH
PTRRA, T 2 T 44 D A6 S P450aromA mR-
NA FIZIA8 WIwgAT FEA%, (AR A Sx gl
%A B =5

5 A BE A VE I 5 A AR P450aromA mRNA
TR R mE 8 Fror, A ADSD 525 90 d, AR
AR TS FALEE P450aromA mRNA IR IE &F B
Than, TR E K, SRR IFE (0 D &
AW 2 ey 00 AR R AR R DY A AT
P450aromA mRNA [k 3 B 2 52 2], K&
WP ERL, R T XA

3 1w
1E 20 4l 70 448, Reinboth (1970) B 5GXT



322 /B 52 %
o o= 20 o = 40
S H =
b e 200 i q
€1 oe gy
< ~—
% cE 100 WH % £ E20
RZ L REZ
272w SEomsg
0 90 0 90
R J5RH (Days after A 5K (Days after
implantation)(d) implantation)(d)
~ 300
#w oz 20 # o= D b
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K4 HEHE ADSD X HTIN CADv i (B« Jalid (©) FIERE (D) J5 4Bk 1 52
C: W, H: asflid. L. URE4.
Fig.4 Aromatase activity in forebrain (A), midbrain (B), hindbrain (C) and gonad (D) in E. akaara by

ADSD implantation
C: Control. H: High dose. L: Low dose.

P450aromB

500 bp —= f-actin

18r
16
1.4
12F
1.0
0.8
0.6
04t

= bt

P450aromB/b-actin

0 90
M S5 I E] (Days after implantation)(d)

Kl s AL ADSD J5 75 sif BT 55 & LS P450aromB mRNA £i% (30 1E31)

1-3: X4, 4—6: mFEDM. 7-9: [KFELL.

Fig.5 The expression of aromatase P450aromB in hypothalamus by ADSD implantation in E. akaara (30 cycles)
1—3: Control. 4—6: High dose. 7—9: Low dose.
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f-actin
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I T Oc

A 0.6

B

S 04

A
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0

0

90

A J5 18] (Days after implantation)(d)

K6 M ADSD J& 75 & A BEfa B8 05 & LT P450aromB mRNA K& (30 fE#)
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Fig.6  The expression of aromatase P450aromB in pituitary by ADSD implantation in E. akaara (30 cycles)

1-3: Control. 4—6: High dose. 7—10: Low dose.
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