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FEUKEERZEORERSRIBRYF, REASHEFREEUEN S E13%)H %11
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C), 5.63%(7 tmff K FARAH 4 3 41, ARA-L) & 15.03%(7 n & A FARAM 4 41,
ARA-H)(& BEH N & KRBt Bl)e. B4R B3NSR, FMK25B3WH A=
HEaEREILAAN LD, FEAEREZENRKZRAAH#T, FRELHR2K, FHE
FIBASARA . ZRAERE, A BERLX TSN EEE N M FE —_ B EHEGEE
FRUERTELAETERZGREXETANNEERLE. FRET: SHEAML,
AR FEATHILANFREERR T AN F PR _ENEGE, MAELMLFF EZHY
GEAMRAKTFRENGRAEALEZREK. ENEY, ARYEATHLENFRE F
BRTIRMNAEHEZXEANRNAN R L E, EREARFTRAFHLENFREZRS T
1702 B MRNAR KX B, ARKEF, ARTRATFHLENGREERMKT Hiz b
AR E G U R1TaE N BN mRNAR X &, B8 FA 5 T % & N8N mRNAK %
B AT AENGERRS T HR. FERMIAALTLENERNEE, EEKT =
THREKREPAWN LS E, WEFTHWLAEANKREAFETTHE. S LR, ARTR
M—EENANGRNG T XA MAZTFE B _BEREMRNEGK, EIFEP, X
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TIHM R B R, ARANMN AR EFTERAER
AR e

B4, KT ARAU R M 18 28 587 A L2
WISk AR o A MIFIE R, ARAT] LIXT 5P
B 20 B 0 Rl . HE DR e MR AR IMTE TP IS A
FEA PR ATAE PO 5 ARASY e £ 25 25 [ 5
R A BB IC AP BORAE LR 2 25 rh
ARAD B UF BH B8 4% 8 19 14 25 [ B 28 A 22,
PR FE R A R R EF R E— T EX
HEA ISR, —SRANMIESE R, ARARENZ
SRR A R, (X ARATE ¥ M — BB B A0 B
FEILTEA . H, XRS5 X 7R fa R iy
BHIEFEMEFHESEMEHAGR. Hik, RLK
DL AR W 57 B S 56 1) 5 SO 98 AR BE i ARAXT £ 28
P 25 [ B 2 A R s e, O R B 0 Ay R
W25 7 TR E 5T AR AR 1 2 1] 2 i 28 5 R O it i
FRCRD, X0 M R R W g L JIH AT 1Y) e s M
P By i BRI, LA 78 ARA T 45 1 2 [
B3 R A B A G AL P R B o X S S B o R
KE B EA RO, HEETHRZHE
BHE SRR WIE AT BE R IR AR D

ARSI VLK ZE 6T (Scophthalmus maximus) R
FERT G . REE BRI E b Ty /K 7™ 5 55 1 32 A A
Kz —, HiE, KRR FEHE E 8 L
W EE et o £, XAEER T EFAEM,
FEAR T B/ AR, B 5 1 BUR JE R % 37 IF
BOKFOGAL . L, RS IF A KEEE AN L
A RBHAFE T, AL EZATC &5 K
ZEBEE AR A R (AL CRE)W T RESE
HEAT TWFFERO™ ARSI 4k 22 1 Ji K2 6 5
IR B IR 5 SR F 5T, R Rl AR AXT K22
P E EE R A R R . &5 G XS T R R AR
(9 AH G A AT, AS S 36 W ER g R e R KSR B SE £
1 AR A 72 A BRAR U B2 p il B8 o PRI £k
i B I S SR AR R A I SR
() B S R r, TET I MR B R B G
R RGI RS, P, ARSCEE SO
Ji % T AR A 14 25 [ i 25 i 2

1 MRS JTE

1.1 ERERFERE S

PLEKY . BEEEF/NER N EEEAR,
DAMIONE i (32 25 AL AL RE Ar 5 AT R ) . n-3
LC-PUFA & &l & = J5 MR H I BE G 4 i &

H R BRI BR A A, o B 5 2%) 20 B W U8 (s s &
T 29 13%) e il FE Al iRRE (R 1), I 38 2 78 FE A 4]
B AR IN0%., 1.43%1%24.43%0 ARAE SE9H(ARA
SEE RIENR41%; LRIV R A BRA
A, E R RO AR L E ] B = S R I e
(C18:05 1, M7 B 15 Wi iR 62%) K AR 45 A [l 6 132 114
T EFARAK S, 3 A ARDBHK UK i 45 S CORE R4,
ARA-L(F /K FARA)FIARA-H(% H 7K F-ARA),
TDRE A 0 T A 2 A R 34 SR FH AR S i 4 —
Tk, A JER R iR 8O H i, 44 HReRHC Ty
B ECRHR A, UK AR 6 mm ey GE R, AL A
55°C 12 Wit 1+, RIF-20 °CORAEF&EH . MR
BEWFPR A A W42, TRC. ARA-LX ARA-HH
A ARAR T35 0.72% . 5.63%F115.03%(i &L
JIg W5 B2 )

1.2 SLIGEh¥I M iAFETR

SIS R 3 1 K EE PSR f0, W T BH T 9
KA BRAF (H EE G ). LI = N KSR
B R GE(36°46'N, 121°09'E)hitktT. SLHHT,
FH X B 2H ) e T 2 2 8] DAGE o SR A B 05 . IE 3R
BB IR A LB gk 24 h, RN L
BEHL 3 BE T 9 F2 B AR (B 42230 cm, 5100 cm),
FpR2s R, MEMEELBIZ9 1 0 1, R FWM B
2K . FRIH S FFLLS A A N T 11 A
FRE BNRAE3 A ), TERB IR Z 45 R4k
MRS I HORE . SR H ARG A, R K
R R I 7K B A1 7K TR A (8 FH (0 B2 B R U8
i), /Ki11~15°C, EhEFE30~32, #f#4E>7 mg/L,
T RSG5 530 min, WE M B8R PH A
1.3 BR##

FAEIAE WG, WM A RER R E
() fo R f 4532 . DL T A& B (1 2 10 000) R
J& . TGRS 4 B R KB, 5 7 e 45 T
B2 h, SRJG4 CCHEZEDUMEA~6 h, 433 I3 I 14
T -70 °CvKAf . B S, K op g, BUF
JOE . UL PR RN BRRE o A R R ST BB TR
A, ZJEHHH-80 °CIRIFTFH .
1.4 fARENKSS . ER & AP RS R ER
M E

T REE B AT 43 B 4ok FHAOACH: . Horr,
K3 E SR 105 °CHETE EE 3 s KR 1 iy
BB ARk s HLAE W A E R R R R
TR A3 B 22 Ry AR 2L BH A 550 °CHBe s .
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Tab. 1 Formulation and proximate composition of the experimental diets (dry matter) o

2H 3 groups

C ARA-L ARA-H
Ukl ingredients
145 fish meal 60.00 60.00 60.00
% [ casein 12.00 12.00 12.00
/NFEH} wheat meal 15.62 15.62 15.62
4i: RIR AW vitamin premix® 1.00 1.00 1.00
T IR A ) mineral premix”® 1.00 1.00 1.00
BERR %05 Ca (HyPOy), 1.00 1.00 1.00
S ALAET choline chloride 0.50 0.50 0.50
Vel R E: L-ascorbyl-2-polyphosphate 0.50 0.50 0.50
755571 mold inhibitor® 0.10 0.10 0.10
LA BEME R ethoxyquin 0.05 0.05 0.05
KEZINWEAR soy lecithin 1.50 1.50 1.50
HHEIH olive oil 1.00 1.00 1.00
n-3 LC-PUFA & 4 n-3 LC-PUFA enriched oil’ 1.30 1.30 1.30
ARAE %l ARA enriched oil® 0.00 1.43 443
=R H S tristearin® 443 3.00 0.00
J8.43-43 1T proximate composition
HZE A crude protein 55.81 55.64 55.90
HARWT crude lipid 12.87 12.98 13.01
K4y ash 12.79 12.85 12.93

e oa B RIREY(mg/kg diet): 4E4FB,, 25 mg: HHEB0%), 45 mg: 4EEKBGRERMMWE), 20 mg: 4E4:3%B),, 0.1 mg: 44EF
K;» 10 mg; WUEE, 800 mg; #4EAFEB;(iZFK), 60 mg; HMR, 200 mg: M, 20 mg: AWE 1.2 mg: 44 FKA, 32mg; 4E4EFD;, 5mg:
4iEKE, 120 mg; MRL4ER, 13.67 go b. THLELIR A W(mg/kg diet): BRERES, 1200 mg; BRERHT, 10 mg; HiEREE, 50 mg; HiEREk, 80
mg; R, 45 mg; FAH(1%), 50 mg; WHIEREA(1%), 20 mg; BUERE5(1%), 60 mg; WKy, 13.485 g. c. BI%ifl: 50%MERES+50% &
D%, d.n-3 LC-PUFAE&E: Hil=8%; £37% DHAM21% EPA(S SIRITR): WALE R AR A AR, PEWRM. e ARAE
G HIM =R F41%ARA(L SARNIRR): LA RIVEMFHETERA W, PEER. L ZMERHMmEE: PAROHEAERAR, $hEzE
%

Notes: a. vitamin premix (mg or g/kg diet): thiamin 25 mg; riboflavin, 45 mg; pyridoxine HCI, 20 mg; vitamin By,, 0.1 mg; vitamin K3, 10 mg; inositol,
800 mg; pantothenic acid, 60 mg; niacin, 200 mg; folic acid, 20 mg; biotin, 1.2 mg; retinol acetate, 32 mg; cholecalciferol, 5 mg; Ipha-tocopherol, 120
mg; wheat middling, 13.67 g. b. mineral premix (mg or g/kg diet): MgSO,4*7H,0, 1200 mg; CuSO4*5H,0, 10 mg; ZnSO,*H,0, 50 mg; FeSO,°H,0, 80
mg; MnSO4°H,0, 45 mg; CoCl,*6H,0 (1%), 50 mg; NaSeSO;*5H,0 (1%), 20 mg; Ca(105),*6H,0 (1%), 60 mg; zoelite, 13.485 g. c. mold inhibitor:
contained 50% calcium propionic acid and 50% fumaric acid. d. n-3 LC-PUFA enriched oil: in the form of triglyceride; containing 37% DHA and 21%
EPA (of total fatty acids); Hebei Haiyuan Health Biological Science and Technology Co., Ltd., Cangzhou, China. e. ARA enriched oil: in the form of
triglyceride; containing 41% ARA (of total fatty acids); Jiangsu Tiankai Biotechnology Co., Ltd., Nanjing, China. f. tristearin. HUDONG article of
everyday use Co., Ltd., Jiaxing, China

T Ak e £ A 41 Ul i R G A2 SR AR £ PUEES 4015 °CREF TH . 2R 5 MA200 °CH250 °C
k. B R TS MR 2 B FHKOH-H i FITHCI- PLAFAM4h2 oCTFI . HERE 11 R I 2% 35 B2 44 2
FIEEBR AL (72 °CKIR), ARG HIIECREFEBUP BRI 250 oC,

PN B, SRJE AL E . A 03 R FH 22 B A
Sl == — WS F Blzokdil

fEHP6890. FHCE AT (it kE (B F007-Cwy, 5 SHFIRAEEPCREM—BRZMON

IFBL A JOE L BRI . KRR M 150 °CH]200 °C fff FIRNAiso Plus(TaKaRa K 7% A #], 1 K
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2 ARERERA R (S B BERAER)

Tab. 2 Fatty acid compositions of the experimental diets

(of total fatty acids) %
ZH7) groups
JEWIR fatty acid
C  ARA-L ARA-H
C 14:0 3.99 4.17 3.21
C 16:0 2294 21.85 17.17
C 18:0 27.09 2080 620
AR Y SFA 5402 46.82 26.58
C 16:1n-7 2.98 3.28 2.96
C 18:1n-7 1.69 1.80 1.81
C 18:1n-9 1252 13.62 14.65
AR Y MUFA 1720 18.70 19.43
C 18:2n-6 6.02 6.79 7.71
C 20:4n-6 0.72 5.63 15.03
n-6% NI Y'n-6 PUFA 6.74 12.41 22.74
C 18:3n-3 0.69 0.72 0.75
C 20:5n-3 6.95 7.10 6.71
C 22:5n-3 1.51 1.37 1.43
C 22:6n-3 10.01  10.12 10.49
n-3Z ANMEREIE Yn-3 PUFA 19.16  19.31 19.38
Jn-3/En-6 Yn-3/Yn-6 2.84 1.56 0.85

VR AR 20 I RNA,  F{# B PrimeScript™
RT reagent Kit with gDNA Eraser (Perfect Real
Time)JZ 5% 518 7] £ (TaKaRa, HE K% ) 5 5%
i .cDNA,

F2 3 NCBI GenBank % 415 J&E H AH ¢ i 1) 25 H
FF3), FH Primer 5.01% 11519 (3) 58 15 3
PUR LR %07 51 A2 5P 1 % &K 52 /K (Genbank
JF 915 KX496327), [ il M3 775 2 1 (Genbank
J751°5 KX496333) ., I [ B0 5% 24 f# B (Genbank
¥ 55 KX496328) . 170324k (Genbank ¥ 51 =
KX496329) ., 3B-#8 5L 2 [ B i & W (Genbank ¥ 47
5 KX496330) ., 17B-F% 3 2 [ i it S ¥ (Genbank
J¥ 5115 KX496331) ) 75 7F 1L il (Genbank /¥ 51 5
KX496332).,

WA re AR B O R BT SR B, DL
GenBank%{ 9 2 i 9 {12 B AR PR Z K7 9115 B ik
T2 [ G i AH DG 25 1 0T e 9 2 86 T POLIY FE 5
PS8 (3), FHaemd T A TREHRNA

BRA R A RS9 . 9B PCR{EFISYBR Green PCR
Master Mix (TaKaRa/\ &))#47, PCRid 24 H
EppendorfiE 7t PCR{Y Mastercycler eprealplex, %%
I3HTR 2 2495 E,

0L 375 0 S TRt R 2 SR P #R A 2 R T
AT, P o D2 2 e B O = e (b [ 5 ) %2
[RCOBAS-6000 [ sl FL AL R LS i Hr A E

1.6 RitaHh

K FHSPSS 16,08k 147 B A K J7 2% 43 H1 (One-
Way ANOVA), Frfi 8 - BBUEAE S T 2 B &t
FOE 57 A0 B, A0 B 2 (8] 22 5 8 3% (P<0.05)H,
FTukey’ st 36617 2 5 48T . T B4 LA
YA E AR E 1R (meantSE) B 3R 7R o

2 HEH

2.1 MEEEHEAR

OHE £ 100 975 ME B fEARA-HAL PR AH i
FAK T ARA-LAL BF 20 1% BE 41 C(P<0.05), {H7E
ARA-LAb AN B2 Cla) G i 25 P 22 5% (P>0.05,
1) o f it 3 52 I 1Y) % 5 7E ARA-LAH i & 1%
TXFRZH C (P<0.05), MI#F X iR 2H Fl ARA-HAL B
2H Z [A] LA B2 ARA-LFIARA-HAL B 2H 2 (6] A b 35
P27 (P>0.05, E2),

22 MREBRHRARBEXERRNERRILE

FEMEf B rp, {2 ISR R Z R I mRNA
FIKHEAEARA-HAL B & KT % B4 C (P<0.05),
M 76 X% B2 CFTARA-LAL B4 8] DL Sz ARA-LFI
ARA-HALHE 20 0] % A7 b 25 P 2% 55 (P>0.05, #£4),
1703246 1 mRNA R 35 i W 7 ARA-LAL #1240 v
i T XHR41C(P<0.05), TifEX} 20 C 5 ARA-H
A HAH 2 6] LA B ARA-LFTARA-HAN FRAL 2 (B H
M2 5 (P>0.05), M B IRIE 214 . IR
4% 24 f Wl . 3B-FR LIS [ B B AUl . 17B-FR
2 [ Pt o S0t LA B D5 5 A0 B Y mRINA R 5K 1 76 45
b 3EH (] VA 3 M 25 R (P>0.05), B EE G L
PRI 5 H A DF S b ) R A S AR

TEMEf YRGS, [BEES BA PR R E
1703216 1 mRNA K IK 5 75 ARA-LAE B2 v
L FAR T X BRZHC (P<0.05), i 76X} R4 CHIARA-H
b PR ] DL K ARA-LFIARA-HAL B2 6] A i 3%
PEZ2E 5(P>0.05, 3£4). 75 &L mRNAK A&
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&3 5lMFFI%R

Tab.3 Sequences of the primers used in this work

EED ElEY] 751 ik
protein primer sequence (5'-3") description

TR YRR Z # FSHR F CGGTGTTYGCCAGTGAGTTGT SLRE RS54
R TGCGGACGGTCAGRTARATGC
qF CAGCAGCTACAGCAAGGTGAG EEPCRI| Y
qR ACGCAGAAGAAGGCTAGGATG

& A R 52 f LHR qF TCGTCAACTCGTCACGGAGA SE TG4
qR ATGGCGAAGAAGGAGATTGG

[ B A A AT B 1 StAR F GACAGGTTTGAGGAAGAATGCC e FEF 5514
R CATCACTTCCAGCTTGAACACCT
qF GCAGGTCCAGGCTCCAGTA EERPCRE|
qR CGCTGTATCCGTCCTCCTTTT

JOE e A0 222 i Tl P45 Osse F GAGCTGATGGCTGGAGGRGT S FEF 51514
R GCTGGRATGTGGTAGTTTTGAA
qF ACGACTTCTATAACGCTACTGTGG EERPCRE|
qR GGAATCCGCTTCAGCATCTC

170214 P450c17 F CGCBGAGAACAACAACAC S FEF 51514
R CGACCAGGGTCAAAGAG
qF GAACAACAACACGGCGGAGG EEPCRI|Y
qR CGGGTGATGGATGAGGTAGGC

3B-F2 ALK [ B i U 3B-HSD F TTCGAGGGCGACATCAGAGA S FEF 51514
R GCCTCRTTCTTGGTCTTGCTGTA
qF GCGTCGGTCGTCTTCCACATC ERPCRE|
qR AGGAGCACCTGCGTCCCTTTG

17B-F2 3 A ] 2t S04 17B-HSD F ATGAGAAACCTGGCCAAGAAG SRR 514
R GGGCTGGGTGACTGGATG
qF CGGAAATGAAGGCTCAAGGTC EEPCRI|Y
qR AGGAGGACGGCCAAACTCT

75 # /L aromatase F AGACGTGGAGCAGGCAGATAAAC e FEF 5514
R CTGCTGGGACAGGTTGTTGGT
qF AGGGCACAAACATCATTCTCAAC EERPCRE|
qR TGAACCAAAGGGCTGGAAGTAAC

2 POL qF AGACGCACAGACCTCACG EERPCRE|
qR GGTGCCATGTCGACTAGAGAC

TEARA-LAL BREH vp (2 2% 5 T X R4 CHIARA-HAL PRI 2 A . AH ] w0 4% 24 i g . 3B-FR
P (P<0.05), {HIZFEX AL CHIARA-HAR AT 2H [ P Ml S il B 17336 5 24 [ s i & il 7 45 A 2
(6] 6 W #FHE2 5 (P>0.05), eI R ZIk . ZH A Y95 A o5 PE 22 57(P>0.05),

http://www.scxuebao.cn
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600 r 10
a 9r a
500 T a 8 [
1 T
=E 400 : S8 7
b 2o |
sc 300 T 2 51t
=3 I =2 4l
I = | g ab
4n 8 200 18 3t ; T
L 2 L
100 Ll T
0 1 1 J 0 1 1 J
C ARA-L ARA-H C ARA-L ARA-H
TAEARAZK Y- T ELARAZK T
dietary ARA level dietary ARA level

E1 ARARAKEX A ME I —EEES SN
O DL Y9 M8 47 VR 2R (n=3), AR bR B 30 1) B A
B3 M 2 7 (P<0.05), T

Fig. 1 The effects of dietary ARA on the estradiol
concentration in serum of females

values (means+standard error, n=3) in bars that have different letters are

significantly different (P<0.05), the same below

2.3 MEBR. BTREFNAILEYAE AR ER 2 R
O FEE AR ARAT RA TR, B
HLrp ARAIMY & ) i 2 T 55 (P<0.01), TiIC18:2n-6.,
EPA (C20:5n-3) &2 DPA (C22:5n-3)*% ¥ i 3 MK 1Y
HH#(P<0.05)(3R5), YPH HDHA(C22:6n-3)1Y %
TE ARA-HAL FRA 5 3 55 F ARA-LAL L2 K % iR 21
C (P<0.05), TEXEE& T, MiEMEARAS =T
L, K E TP ARAR S & 3 IR (P<0.01),
[ B C18:0 5 C18:2n-61) 7 it 1% #i i & F+ &
(P<0.05), {H/ZEPA. DPA N DHAM & &1 0 &

B2 ERARAKFES MEHEE S EHFMW
Fig.2 The effects of dietary ARA on the testosterone

concentration in serum of males

T F&(P<0.05),

W £ JEF JOE v B R T ARAS HE D T
Cl4: 0(P<0.01) AR F IR 7 R (P<0.05) ) % & & ¥
FEAK, 1M ARA(P<0.01) & n-6 351 5 15 2 (P<0.05)
R BFETE, n-3/m-61F T (P<0.05)(F6),
e, S5 BACH L, ARA-LACFZ
ol R (C18:2n-6, P<0.05). I BERR(C18:3n-3,
P<0.01) S n-3 R 5 jg 15 2 % it (P<0.05) & & FE AT .
Bl & T R ARAS B i, HEfOFIE TP ARATY
HZEW TR, EARA-HAL B4 & 35 v F %) iR 4]
FIARA-LAEH 2H (P<0.05).

T e £ RN f0 T, BB ) R ARA B B 19 3
Jin, WUA 9 ARA S 2 b FF 1 V3 R (C18:2n-6) |
DPA(C22:5n-3). DHA(C22:6n-3) n-3 2 51| i§ [l B2

R4 AR R TS EL X K Z O AR o M R BB R & R X E B BN mRNAZR A BRI R0

Tab. 4 Effects of dietary ARA on the relative mRNA expressions of sex steroid-synthesizing proteins in gonads

215 groups

H i protein YR £ ovaries #5 L testes

c ARA-L ARA-H C ARA-L ARA-H
TR GBI FE S f& FSHR 1.00£0.08" 0.66+0.07" 0.64+0.08" 1.0040.10 1.5340.11 1.290.08
TREARBER Z M LHR 1.00+0.34 0.78+0.22 0.96+0.45 1.00+0.28 1.49+0.01 1.37+0.04
[ B A ME AT B 1 StAR * * * 1.0040.24° 0.100.04° 0.21+0.08"
JOEL | 00 i 2R AR T P45 0ssc 1.00+0.28 0.88+0.30 1.20+0.44 1.00+0.17 1.05+0.13 0.78+0.24
1703244 P450c17 1.00+0.28" 2.78+0.03° 1.56+0.33" 1.00£0.25° 0.16+0.03" 0.25+0.10"
3B-FRHE I [F BE i UG 3p-HSD 1.00+0.35 1.21£0.61 1.15+0.79 1.00+0.35 0.38+0.12 0.50+0.09
17B-F2FE S E B g 17B-HSD 1.00+0.19 1.33+0.44 0.98+0.51 1.00+0.24 1.25+0.42 1.24+0.32
75 & 0B aromatase 1.00£0.60 1.60+0.14 0.92+0.42 1.00£0.24° 3.12+0.66" 0.69+0.16

e FATAE EAR 7 B EUE W R A 85 22 7 (P<0.05), * RN RILERAL

Notes: values in the same row with different superscript letters are significantly different (P<0.05), * means very low expression levels

http://www.scxuebao.cn
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=S5 AR RIEE BB X K 2 8T 14 AR P A B BR 4H AR B9 5200 (2L 5 AR BR)
Tab. 5 Gonadal fatty acid compositions of S. maximus fed the experimental diets (total fatty acids) %
207} groups
HE iR fatty acid I female JifEf8. male
C ARA-L ARA-H C ARA-L ARA-H

C 14:0 1.48+0.08 1.34£0.10 1.21£0.14 1.11£0.10 0.96+0.11 1.41+0.08
C16:0 20.44%0.62 19.89+0.99 18.58+1.71 18.37+0.39 18.22+0.99 18.37+0.86
C18:0 7.88+0.31 7.83+0.56 7.35+0.39 6.14+0.22° 7.11£0.08° 7.37+0.06°
HIFEITER Y SFA 29.8140.98 29.06+1.59 27.14+1.47 25.62+0.32 26.28+1.02 27.15+1.00
C 16:1n-7 2.64+0.30 2.02+0.07 2.07£0.37 1.51+0.11 1.35£0.15 1.85+0.22
C 18:1n-7 2.52+0.09 2.50+0.15 2.25+0.05 7.32+0.77 6.48+0.91 6.29+0.03
C18:1n-9 13.46+0.96 12.29+1.09 12.07+0.19 7.31+0.28 8.41+0.77 9.04+0.82
C20:1n-9 0.93+0.07 0.98+0.08 0.90+0.03 2.22+0.30 2.80+0.41 2.73+0.03
AR YMUFA 19.55+1.38 17.80£1.36 17.29+0.64 18.35+0.88 19.04+2.24 19.91£1.04
C 18:2n-6 2.94+0.06" 2.76+0.20° 2.00+0.20° 1.47+0.05° 1.62+0.07° 1.99+0.10°
C 20:4n-6 7.40+0.27° 11.92+0.09° 14.45+0.20" 3.65+0.44° 7.19+0.02° 13.07+0.55*
n-6% NI Y'n-6 PUFA 10.33+0.28° 14.69+0.30° 16.46+0.00° 5.12+0.41¢ 8.81+0.08" 15.06+0.65"
C20:5n-3 7.70+0.45" 5.95+0.27° 3.75+0.49° 4.85+0.32° 3.29+0.13° 3.18+0.01°
C22:5n-3 2.51+0.10° 2.03+0.06° 1.98+0.17° 4.76+0.16" 4.57+0.11° 3.18+0.26°
C22:6n-3 16.81+0.31° 16.65+0.77° 20.56+0.25° 28.05+0.94° 22.28+0.15° 19.64+1.26°
n-3Z AR Yn-3 PUFA 27.03+0.50 24.63+0.91 26.29+0.41 37.66+1.11° 30.15+0.10° 26.00+1.53°
&n-3/50-6 Yn-3/Yn-6 2.62+0.06" 1.68+0.09° 1.60+0.02° 7.48+0.74° 3.42+0.02° 1.73+0.18"

i 0 3 AR (P<0.05), HH N AYn-3/n-6 10 2 FEAIK
(P<0.05)(#7). TEMEfar, WL T C18:0 &G
7 R & b B 1R RE AR A Bk BS Jinm BE AIR
(P<0.05).

3 vHie

ALY R B, GRS I — i Y A6 AR DY
MR, AH B B K22 BT 0% £k 28 8 i &%
(77 H, ST R T M o v o e R e £ 52
T A A B o 3K AR S R SE I Y TR A,
A K . & TR 8 A DO A R X P
KEBEM R G R, MXHRAE® D,
Norambuena&5 P75 ZE N I /R 5 (Solea senegalensis)
RS, k6% (i KR DT R )1 ARARE
P25 MLV PN 1L S ) S S ), — A
AN S 56 3 B AR A K & B9 AR 7= 9 i 1) AR
E E, BB JU| 38 4 fi.(Carassius auratus)YP 5L FUKE
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Tab. 6 Liver fatty acid compositions of S. maximus fed the experimental diets (total fatty acids) %
205 groups
HEWTER fatty acid Wt female T s male

C ARA-L ARA-H C ARA-L ARA-H
C 14:0 5.75+0.29" 4.69+0.36™ 3.97+0.05" 438+0.51 4124023 5.06:0.33
C 16:0 17.19£0.42 15.53+0.69 15.140.40 15.87+0.83 13.74+0.83 14.12+0.39
C 18:0 2.200.13 2.19£0.33 1.58+0.13 1.79+0.26 1.83+0.13 1.62+0.17
AR Y SFA 25.13+0.80° 22.40+1.35% 20.69£0.32° 22.04+0.34 19.70+1.20 20.80+0.84
C 16:1n-7 10.15£0.58 9.05+0.39 8.60+0.19 8.70+£0.67 10.39£0.31 10.42+0.35
C 18:1n-7 3.84+0.14 3.79+0.17 3.31%0.15 3.47+0.45 421+0.27 3.59+0.17
C 18:1n-9 24.40+1.54 21.44+2.34 20.18+1.20 16.78+2.87 24.410.48 20.73+1.64
C 20:1n-9 2.17+0.10 2.33+0.42 2.24+0.10 2.56+0.31 3.36+0.26 2.61+0.18
AR Y MUFA 16.16£0.56 15.17+0.96 14.14+0.17 14.73+1.41 17.96+0.73 16.62+0.67
C 18:2n-6 3.12+0.14 4.07+0.78 3.24+0.04 4.20+0.29° 2.53£0.21° 2.98+0.39%
C 20:4n-6 0.65+0.06° 2.35+0.21° 4.48+0.22° 0.72+0.08° 0.98+0.27" 3.29+0.67°
n-6 2 AMIFIENER Y'n-6 PUFA 3.77£0.20° 6.42+0.98" 7.71£0.29° 4.69+0.05° 3.51£0.47° 6.26+0.70°
C 18:3n-3 0.56+0.03 0.73+0.18 0.69+0.08 0.94+0.05° 0.58+0.02° 0.68+0.08"
C 20:5n-3 4.90+0.16 5.17+0.83 5.23+0.27 5.71£0.37 3.80+0.15 4.92+0.62
C 22:5n-3 3.02+0.46 3.07+0.16 3.22+0.11 2.64+0.19 3.09+0.21 3.27+0.06
C 22:6n-3 10.26+1.89 10.84+0.74 13.35+0.42 14.81£0.91 11.82+0.87 11.54+0.25
n-3Z ANMEREIIE Yn-3 PUFA 18.73+2.45 19.81+1.89 22.40+0.80 24.65+0.94° 19.29+0.98° 20.40+0.54®
4n-3/8n-6 Yn-3/Yn-6 4.93+0.44" 3.14£0.18° 2.92+0.22" 5.22+0.24 5.69+0.80 3.40+0.44
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Tab. 7 Muscle fatty acid compositions of S. maximus fed the experimental diets (total fatty acids) %
205 groups
HEWTER fatty acid Wt female T s male
C ARA-L ARA-H C ARA-L ARA-H
C14:0 1.74+0.37 2.29+0.83 2.41£0.23 2.81+0.18 2.96+0.44 2.95+0.44
C16:0 25.45+0.68 23.91+1.88 19.98+1.49 20.61+1.57 20.66+1.40 22.72+1.28
C18:0 7.49+0.46° 6.75+1.07" 3.93+0.53" 4.36+0.76 4.68+0.95 5.25+0.32
MR Y SFA 34.67+0.91° 32.962.14™ 26.32+1.57° 27.77£2.21 28.30+1.89 30.92+1.32
C 16:1n-7 2.79+0.82 3.62+1.46 4.35+0.40 5.30+0.81 5.50+1.01 5.13+0.76
C 18:1n-7 2.04+0.22 2.26+0.24 2.02+0.05 2.61+0.38 2.60+0.17 2424022
C18:1n-9 10.60+1.29 12.08+1.26 10.85+0.41 12.43+1.60 13.30+0.78 12.99+1.65
AR Y MUFA 17.24+2.08 17.95+2.95 17.23+0.27 20.34+2.78 21.39+1.94 20.54+2.53
C 18:2n-6 5.01£0.50° 4.20+0.58® 2.69+0.22° 4.10+£0.33" 3.27£0.10" 3.13+0.05°
C 20:4n-6 3.81£0.38" 7.010.48" 7.33+0.82° 2.64+0.68° 3.15+0.64° 6.35£1.31°
n-6Z AMAFIRENIE Yn-6 PUFA 8.82+0.40 11.21+1.05 10.02+1.04 6.74+0.86 6.42+0.72 9.49+0.79
C 20:5n-3 8.05+0.38 7.17£0.37 6.51+£0.67 7.32+0.92 7.09£0.15 6.95+0.69
C22:5n-3 3.14£0.26° 2.87+0.06™ 2.27+0.21° 3.72+0.21° 3.16+0.14" 3.07+0.06°
C22:6n-3 26.45+0.34° 24.25+2.28% 18.60+1.28° 25.52+0.84° 24.75+0.63® 22.00+0.81°
n-3Z ARG Y'n-3 PUFA 37.64+0.22° 34.29+1.14° 27.38+1.13° 36.56+0.81" 35.00+£0.45® 32.02+1.47°
Jn-3/En-6 ¥n-3/¥n-6 4.28+0.18" 3.11£0.37" 2.79+0.30° 5.58+0.60° 5.57+0.50° 3.41+£0.24°
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Effects of dietary arachidonic acid on the sex steroid hormone synthesis in
turbot broodstock before maturation

ZHANG Yuangin ?, XU Houguo’, CAOLin’, WEI Yuliang”,
ZHENG Keke >, LIANG Mengging '**"

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine
Science and Technology, Qingdao 266071, China)

Abstract: To investigate the effects of dietary arachidonic acid (ARA) on the sex steroid hormone production and
the gene expressions of the key proteins in steroidogenesis in gonads of turbot Scophthalmus maximus
broodstocks, three isonitrogenous and isolipidic (lipid content 13%) experimental diets were formulated to contain
different ARA levels: the control diet without ARA supplementation (C, 0.72% ARA of total fatty acids) and two
diets with low (5.63% of total fatty acids, ARA-L) or high ARA (15.03% of total fatty acids, ARA-H) level. The
experimental diets were randomly assigned to 9 tanks of 3-year-old turbot (25 fish in each tank). Fish were reared
in an indoor flowing seawater system and fed to apparent satiation twice daily. At the end of the feeding trial, sex
steroid hormone production was assayed and gonad samples from females and males were collected to determine
the gene expressions of sex steroid-synthesizing proteins. The results showed that compared to the control group,
ARA-H significantly reduced the estradiol production in females but in males ARA-L significantly reduced the
testosterone production. In ovaries, ARA-H significantly reduced the mRNA expression of follicle stimulating
hormone receptor, but ARA-L significantly increased the mRNA expression of 17a-hydroxylase. In testes, ARA-L
significantly reduced the mRNA expression of steroidogenic acute regulatory protein and 17a-hydroxylase, but
significantly increased the mRNA expression of aromatase. Dietary ARA supplementation increased the ARA
accumulation but decreased the EPA accumulation in fish tissues. The ARA concentration in ovaries was higher
than that in testes. In conclusion, certain content of dietary ARA inhibited the estradiol and testosterone production
in immature turbot broodstock. In ovaries, this inhibition may be attributed to the inhibition on follicle stimulating
hormone receptor, but in testes it may be attributed to the inhibition on steroidogenic acute regulatory protein and
17a-hydroxylase.

Key words: Scophthalmus maximus; broodstock; diet; arachidonic acid; sex steroid hormone synthesis; gene
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