5 ikE REPOATS

K ZESROD T HEMUR 7250 SRS 19 I AHEAIR

A e g | AL yr2,3,4 gk 422,34 2,3, 4 WA= 23,4 o sk 412,34
ﬂiﬁl}:ﬁa 5 E—ﬁ’—%ﬁ , E¥ R ) FEE\ ) —%ﬁ@ 5 XIJ Flil‘ )

&3

(1. BUEXMUKFEBRAT, WA W 264200; 2. FER A BEEENIF T SCEM R Y 2F BN 5200 =, 1
K OHS 266071 3. FREHEAESERERLEE BHEEYFXS5EYEARTELEE, LR 55
266237; 4. FEPBLERE WHERBIEVIRTL, ILE HE 266071)

WE: A TR K E 8 (Scophthalmus maximus) P F 1297 LR A 24069 R B BAFAE, KA & 4332 K97
ey X, BRERALEE . AWAIAFRE, 5 ARE RIFEIE(0,3,6,9, 12 )6 FFHAFERTA
At DL(RAL = 4 A =8 MDA). AL 2 % (AR ALY B SOD, i R A 4 MK GSH). 97 £ pH
AR ZAE R AR BT RBE R . 4R A, MEN TAKA L EGIER, LEFBRALSEAR
R RMARERIA G, FHAAETALAAMLESHN SN FHILEEMX; SOD 8% /7, GSH B
EHHRETH, MDA 222 E5RG,;, IHFERFBARHIETH. HIPS 6 h, BAEKEZ
2.87%~10.60%, SLETGGI0 LM E B, REEBHGER TREWMAF T, b, EPLET, 97-FH#

A, MAREGER, THASZREIE, RAMNRAZH TH, THERHAEIEZRK, 214

B

KEBIA: K& & (Scophthalmus maximus); 7 -F %40, FHEA; THF, BiLE

FESZES: S965.3 XERARINAD: A
DOL: 10.11759/hykx20190314002

02 B it B ¢ R B R & F DL AT HES)
BUE FIAERAB O, IR B HAHC, YR poE M
Bigekol . 8 AR e TR R s
BRI F 2R A8 R AT AR, AR 3 320K
(1R R ] T B PN, 7 B0 68 s sl 3 A s 9 R AR TR S 2,
ML, A, AR 1 — R A 5 i B 5T Y A8
B K ZE 6F (Scophthalmus  maximus) J& T 8F B
(Bothidae) . ZZ ] )& (Scophthalmus), H 1999 4F-F, &
SERRBE AT R N R T RS OCHEE IR,
B2 T [ E A A TRk FR G S RO 2E N T 3%
FASAETS, KEESERNGE B ARHEDN, A4 FREUANT
FEONSZHG o MRS BE S Ih K HE R O S5 s 1) BRI 5,
23 PO BT B Wl RRENIFE A
AT, T G R R T o SR B a] 4
XTI 6 U E L BR Ak S IR BB A G,
Z I EERER G R T AMTRYE A Ak, BRI
FALN T RES S T 9T b AR 0, (H R ot e
TGRS R A0 2 A BLEIEE . #2 H AT, ¢
TR PR N 5P 22 Ak 1 D DR RIRR AR, 7R N A A7
Tt 52 B[] K 52 4 B8 01 A AH DG 98 i R DL, iR

X EHE: 1000-3096(2019)07-0106-06

TFRA ST, VAE 5 B A e
1 MRF*E
1.1 RIEHH

MR E £ 55 3R S O B B REE B SR £, AR
AR A B, SR M KRR TR Z) A 50 m® (10 mx
5 mx1 m) FRIKIRIERIFE 15~17°C, A =5 mg/L.
et E MM 16 L:8S,12L:12S & 8L:16S
AT, e = SRR T O IR
1.2 RE&%

S E T ANMEYrEE, kAR 3 h
BORE 1wk, ¥ T 5 AEFE A 0,3,6,9 Al 12 h,

Wi H 8- 2019-03-14; & [l H 3%: 2019-04-26

FBWiH: L AERA AT H (2016M592259); AL L 3
AR ZR TG 42 0% B30 H (CARS-47)

[Foundation: the China Postdoctoral Science Foundation (No.2016M592259);
Supported by China Agriculture Research System, No.CARS-47]

EF @A RFA1973-), B, WARREAN, SR TR, F2NGHE
A 8% £ 2 7 Fh % F A ¢ T4, E-mail: whsh2008@163.com; X i %&,
WIE/EE, WFFTH, E-mail: ginghualiu@qdio.ac.cn; Z5%%, MfFEH,
HF5E 51, E-mail: junli@qdio.ac.cn

106 MEERLY /2019 4F /46 43 & /45 7 10



e IRkE REPOATS

SRR MEfL BT, 2R UOTIRHEIIIC O 0 1, A4
BORE ORI S — 20 DY (1) EAEBEAT 320G, X2
RMBLRALTGT (2) #AT pH EIE; (3) MW
BODIY . DCF(H2DCFDA)#1 DHE (ROS Fluorescent
Probe-Dihydroethidium) 43 7l # 17 g J5t 12 44k A1 T
AQOMEE, (4) BEBAWA, 5T A
G PEF MDA & ft 1R .

1.3 REZAEEIR T HEFBAE
%3t
FEANISF (1] 257 2R 42 114 B —F B AS [ 2 AL R JE 9 B
Gy EEAT N TS . AR F IS, R4, IAEK,
i E 5~10 min JEUEDN . 7ESZHE)E, 29 500 -ORHCE
FEREAmE D, TR RS R AL . 2~4 20 i)
PEAT 2R RS, B 100 W T IEF R F 3
2~4 YNMEAY E S by TEWRAR SR UEAT R AL R 1 4
IF, BSR4t IR ONAY E A L, BRS
ERFT,

1.4 BODIY, DCF % DHE *} R ) ZLA2 &
B 97 FHAT R EILER

BODIY, DCF #il DHE ¥ 4 JIg Jit i 480 £k F1 7 14 480
bR 25 B o 1= D1 IO e Y b s B A R €|
Life Technologies A Al . 4l & W+ i (BODIY,
2 mmol/L; DCF, 20 mmol/L; DHE, 2 mmol/L), T
20CKAMGAE . A Hm B E QbR E. 2 uL
BODIY BE AR 1 mL &R, 298 EJE 4 pmol/L,
Y@ mta] 30 min; 0.5 pL DCF BHEANAE] 1 mL /& &
W, KYREESN 10 pmol/L, Y fGRt(a] 30 min; 1 pL
DHE BB MAE] 1 mLA&RR T, ZREH 2 umol/L,
et ] 30 minoA&F 1 mL & R A2 30~50 0E 7, Hi
BEWCRTEK . WEE RIS RS, REKIEDE 3~5 X,
IR bR Ykl . 76 GLteb T R i I R D B T iR AT 90k
WA, AR,
L5 XEZ/AERET T SOD, GSH 8%

A MDA 2 H R Z

SOD fif 1% 1R%77) &, GSH Bi#E 7 &, MDA %4
W R B BCA R R B R & 38 1 [ W 250
FHA AR AR A BRA T o KSR [F] 22 AL (]S A
mn RS, BLOy, B, HATIE . R E L 96
FLARAERGFRA e . HAAE IR S A0 Ui Bt 7.
1.6 pH RZE

ARRRFE s RERNIN T LU, BUlgy 1 mL, ¥

FHRE (3 000 r/min) Ly, B0 LUF R, J5E 5Y
B pH 1E.
1.7 B LA

ARSLIE R YIR A geitas 4k SPSS 16.0 #4T
AT o XIAFEG IEA S0 I EE 28 A SR X ECe 4 fm
PR — 2. IR T 2250 ANOVA
(Ducan’s multiple range tests)iF47 i & PEKE 5 (P<0.05),
BT E A 2 LU YR HE 22 R 7)o

2 ERER

2.1 AR ZAAZEI T AR AR

%1t

B 5 D01 76 R P9 S AL IS ] (9 S 4, 324 R i
AR RS, TR MA2ZE R
MR T 2K %, Wik 5 L Aunf | i, R
MR R . HEO)S 3 h, ZHERM 51.34%~
65.91% [ | 48.25%~61.17%, HF 1L FH 18.65%~
39.16% FFEF] 17.08%~26.54% ., 1E5—Fr B, 2K R
FEAL R B3R B 3, st e HEDN)S 3 h PN,
MR MEE —BrBe, MHEDRS 3 h 2IHEDR)S 6 h,
ZHEHRM 48.25%~61.17% F FEE] 39.00%~57.05%,
BELR T 17.08%~26.54% F (%3] 2.87%~10.60%, %
B S ORGSR NN e g e
MUK, A B (1, K 2). HEEJE 6 h, BRARAY
WA TR 2% I 25 B sy, DL A9 B T O 2 i B AR, AN
MTFIREAET . 2R R MR SRR R, K
ZROFHESR 5 U T AR SEFE 0~3 h AR, Mg 6 h,
R SR AL, N E RS -

80.00
[ A 15 e 25 o35

A 60.00k\

i 40.00

o

EX

20.00
0.00 s s ' '
0 3 6 9 12
I E/h

BT B0 HEBUS & A TR ] 4 32 G 5
The fertilization rate of post-ovulatory ageing with
the extension of time

Fig. 1

2.2 BODIY, DCF % DHE *t R #1042 &
H#90 T RAT R EAE
BT i — 4RI 0~6 h N OP 20y R, X

Marine Sciences / Vol. 43, No. 7 /2019 107



e IRkE REPOATS

50.00
[—.—w@ 2541 e 32
40.00 &
3000 |
A A————
S 2000 —\
10.00 ;\‘\:‘s.
0.00 : -
0 3 9 2

6
B ) /h

B2 80RO & H AN TR ] Ao 987 A 3
Fig. 2 The hatching rate of post-ovulatory ageing with the
extension of time

Jig e AL AN TG PR R AT AR . Ed BODIY,
DCF K DHE X {4 A A ] 2 A e BE ) B 5 247 2 (0
5%, G5 R RWIBEAE G 6 01 7 HE U 78R A 45 78
] AR HE A, I A A S T S A R 32 i T

o TR M B AR AR B S O T HE U 2
P15 B B2 TE M (8 3).
23 IR EHEZEIFTEH SOD B&&E 7,
GSH 7% /1 % MDA &g &0 2

o 2 B RS SRR T AL AR A,
—X R, 5 AR S PTAALEE(SOD Fl GSH){E
S MDA 43 il il Ledse . 45 SRR, AN
Z AR A B B S AFAE AR L 25 5, (2R IR
— B B ZALR A AE K, HTA LR SOD, iR
GSH ¥ ifi 5 Bif [] (%) 22 < 2 B AR 0 fa 45, Efk ™=
MDA £ FFH#aH(E 4~1K 6). Uik B FHEUS 76
B LI N R A I ] B AE G, B AR RE TR, R
AT NE B A, HE— R IAIE TR MR R L SRR
T 2ALB D, R B T2 AL AT > —

¥l 3 BODIY. DCF #ll DHE %I/ [i] % fb F i B 1 e o Il 52
Fig. 3 BODIY, DCF and DHE of post-ovulatory ageing with the extension of time

30.00
= a Q15
£ 25.00} o
on o225t
S 20.00 @38
2 1500
£ 10.00
% .
o 5.00
N

0.00

4 AFEZACTEEER T SOD Mk 221k

Fig. 4 The superoxide dismutase (SOD) activities of post-

ovulation aging with the extension of time

0.06
0.05
0.04
0.02
0.01
0.00

W JFERIGSHE 11/
(umol/mg prot)

K5 RFEEATEEZIN T 1 GSH BG4 1L
Fig. 5 The glutathione (GSH) activities of post-ovulation
aging with the extension of time

108 MEERLY /2019 4F /46 43 & /45 7 10



e IRkE REPOATS

120 c
o154

LOOF @281

080} B35

0.60 F
040
020}
0.00 LALIEL s

MDA % #/(nmol/mg prot)

5 12
i /h
K6 AFZAAREI T MDA & &AM
Fig. 6 The content of MDA of post-ovulation aging with
the extension of time

WAL, X g 5% 0 0 B SR B WA T DI 550 3
17 pH &, 455K, HEINE 0~12 h, pH 2B 1L
£ 7.4~8.4 Z ksl RERAAFRIY LK pH 221k
X A FE 0.3~0.5, 34K b P dwmas i (A 7).

8.6 —A— 151 25t —e— 3510
ol

.

e el

2780 A A

7.6 A

7.2

7.0

6.8 1 1 1 ]
0 3 6 9 12

Il /h

K7 AFEZEAFEEG 71 pH 221k
The pH of post-ovulation aging with the extension of
time

Fig. 7

Zi b, SR WA Y O K T A L T
PEHTIZE SRR, FEONE b, BpFHEUS, FEE
BFIAD A B K, A2 K5 SR Ak %6 B 3% B, O T4k
FIMFEAE S iE MA  i BE TS, B fkRE )
E R I, WM AR BN TR R
H2Z—.

3 it

FAOMERR R B R . P EL T R AR R K
FFRH R SR i . A% e\ P S ) IR
T FEE RIS IR A 4 T A R L RAS Y R AR [R]
J S5t W, SO0l RS A AR 7 e B O A A R
il 24 52 K5 B9 B B R AR R R R i e e R R . O
T HEUG it A7 15F 1) 5L A5 0 o 114) 22 S AR A4t
MILAYBhBULE RS . 78 10°C MR, B
AR OIS ] R HEOR S 2~4 d, it 4 d, KR

BT S Y #E 20°CAME R, R0 BT A] LARAR Y
I AERT N 2~4 h, B4k 52 R i 1 IR 2R R 0
bR, HEIIRE I 12 h, BOFI5 Sk o e 1Y T
18~20°CF, F AR EYFi% 1ol LAZEHE 1.5 w'Y; 7
8~17°CAMER, HLBEETFI5 Jy ] 44 5~15 d'> I A
WFoEh, 76 13CHKMAT, REEHFITER N e fd
TEIGHE 2 0~3 h, #id 6 h U9 7 i 2RDELL, Ar
PAXT N T A 500 T AN BE H AR HEB /Y K2 6T 11
St AT N T B0 RS X O R AR F AR
HE,

AR MR R, EAL N AT RES S T 0T
A . Agarwal M H S0 T0 10 982 XoF 0 5 4
i FEFE AR, ROS 8 id MY NCX(Na'/Ca® ex-
changer)fi M2 T HEDD )5 A9 2 AL 21, S 802K
R A S EEHOE, RIS O
G5 . O T SR A 7 A T S )RR A 4 1)
R P 9 2R T L BT A B SR R B AR T HE ik
Je B AR (EJR G i/ £ 28 TS R TR R 1 B
PEURYE o 7 KEEOF R IRAT A B, BEZE U176 01 5L
SETEIF R IE K, 454 BODIY .DCF #1 DHE 15856
PemUigg, LML ROS & B ETHE; ROS M
U, AT REJE 5 K2 6 OF 1 HE U 76 90 515 &
TR B3R

U1 T Z AL TE M 2L 3h 1 B 5 A EE R TR
/N RS R B, B0 Ak TR BR 1 OE R
(% B KA A A 38 2 5 e 2 R R A G E S
HE BT S EE B(22 &R/ A TR ) AKT
(R &3k, DT AR AEK B 240 J P 7 0% TsF i), B IR e £ 1
(O IE 43 B FEfa e, (SRR B0 F 1 S AL B
Gy FIZ AT TR RIS . A 68 fig e 6 B
ZALE A RV Z AR 41 2202 Rime XA
S5 BT J5 A [) B ] it P 4% s Y A 43 64T T 2 1
b, RMMEEASFHEINFRISRPEAET
B 7R A . Ma Hao 25 24INF i i AS ] 2 40 75 B 1) 1)
FHEAT T miRNA Fk M, &I miRNA 173
RS HALRR B A OB AR SRR AR T
Ji PR ) 483 78 o T 2 2 AR B ) 2 — 25 DF 5% 4 AR S
g

4 Zi

ASBIFFE 78 S B 1 5 HE O 2078 59 5 M N 32
WV T A, B SRR, PR
TRRE I TR, SR AMIBR LA PR W 121k

Marine Sciences / Vol. 43, No. 7 /2019 109



e IRkE REPOATS

AR RGN 5 B B B TB) 49 i, R B0 TR 0~3 h A, K

R

B, AR, B2 6hm, U0 Bt Bk,

A FE G5 RS T LE 7 o R R R[], B F L
B AR S R

S ik

(1]

110

THRLL, TSR, XUBTe, M. MRE T BT S
JES R WEERE, 2009, 33(12): 129-132.
Ding Fuhong, Lei Jilin, Liu Xinfu, et al. Progress and
prospect of quality assessing of fish gametes[J]. Marine
Sciences, 2009, 33(12): 129-132.

Samarin A M, Policar T, Lahnsteiner F. Fish oocyte
ageing and its effect on egg quality[J]. Reviews in
Fisheries Science & Aquaculture, 2015, 23(3): 302-314.
TSR, WK MARFRF IS SHORM]. dbat: P E
Al fiE, 2005.

Lei Jilin. The Theory and Technology of Marine Fish[M].
Beijing: China Agriculture Press, 2005.

Agarwal A, Aponte-Mellado A, Premkumar B J, et al.
The effects of oxidative stress on female reproduction:
a review[J]. Reproductive Biology and Endocrinology,
2012, 10(49): 1-31.

Lord T, Martin J H, Aitken R J. Accumulation of elec-
trophilic aldehydes during postovulatory aging of
mouse oocytes causes reduced fertility, oxidative stress,
and apoptosis[J]. Biology of Reproduction, 2015, 92(2):
1-13.

Miyamoto K, Sato E F, Kasahara E, et al. Effect of
oxidative stress during repeated ovulation on the struc-
ture and functions of the ovary, oocytes, and their mi-
tochondria[J]. Free Radical Biology and Medicine,
2010, 49(4): 674-681.

Yudong Jia, Zhen Meng, Xinfu Liu, et al. Biochemical
composition and quality of turbot (Scophthalmus maxi-
mus) eggs throughout the reproductive season[J]. Fish
Physiology & Biochemistry, 2014, 40(4): 1093-1104.
Yudong Jia, Zhen Meng, Xinfu Liu, et al. Molecular
components related to egg quality during the reproduc-
tive season of turbot (Scophthalmus maximus)[J]. Aqua-
culture Research, 2015, 46: 2565-2572.

Samarin A M, Blecha M, Uzhytchak M, et al. Post-
ovulatory and post-stripping oocyte ageing in northern
pike, Esox lucius (Linnaeus, 1758), and its effect on
egg viability rates and the occurrence of larval malfor-
mations and ploidy anomalies[J]. Aquaculture, 2016,
450: 431-438.

Samarin A M, Gela D, Bytyutskyy D, et al. Determina-
tion of the best post-ovulatory stripping time for the
common carp (Cyprinus carpio Linnaeus, 1758)[J].
Journal of Applied Ichthyology, 2015, 31: 51-55.

[11]

[12]

[16]

[17]

[18]

[19]

(21]

[23]

Harvey B, Kelley R N. Short-term storage of Saro-
therodon mossambicus ova[J]. Aquaculture, 1984, 37:
391-395.

Lahnsteiner F. Morphological, physiological and bio-
chemical parameters characterizing the overripening of
rainbow trout eggs[J]. Fish Physiology and Biochemistry.
2000, 23: 107-118.

Azuma T, Ohta H, Oda S, et al. Changes in fertility of
rainbow trout eggs retained in coelom[J].
Science, 2003, 69: 131-136.

Aegerter S, Jalabert B. Effects of post ovulatory oocyte

Fisheries

ageing and temperature on egg quality and on the oc-
currence of triploid fry in rainbow trout. Oncorhynchus
mykiss[J]. Aquaculture, 2004, 231: 59-71.

Samarin A M, Ahmadi M R, Azuma T, et al. Influence
of the time to egg stripping on eyeing and hatching
rates in rainbow trout Oncorhynchus mykiss under cold
temperatures[J]. Aquaculture, 2008, 278: 195-198.
Zhang C X, Cui W, Zhang M, et al. Role of Na*/Ca*"
exchanger (NCX) in modulating postovulatory aging of
mouse and rat oocytes[J]. Plos One, 2014, 9(4): €93446.
Lord T, Nixon B, Jones K T, et al. Melatonin prevents
postovulatory oocyte aging in the mouse and extends
the window for optimal fertilization in vitro[J]. Biology
of Reproduction, 2013, 88(3): 1-9.

Tarin J J, Perez-Albala S, Perez-Hoyos S, et al. Post-
ovulatory aging of oocytes decreases reproductive fit-
ness and longevity of offspring[J]. Biology of Repro-
duction, 2002, 66(2): 495-499.

Cecconi S, Rossi G, Deldar H, et al. Post-ovulatory
ageing of mouse oocytes affects the distribution of spe-
cific spindle-associated proteins and Akt expression
levels[J]. Reproduction Fertility and Development, 2014,
26(4): 562-569.

Ohta H, Kagawa H, Tanaka H, et al. Changes in fertili-
zation and hatching rates with time after ovulation in-
duced by injection of 17, 20B- dihydroxy-4-pregnen-
3-one in the Japanese eel, Anguilla japonica[J]. Aqua-
culture, 1996, 139: 291-301.

Aegerter S, Jalabert B. Effects of post-ovulatory oocyte
ageing and temperature on egg quality and on the oc-
currence of triploid fry in rainbow trout, Oncorhynchus
mykiss[J]. Aquaculture, 2004, 231, 59-71.

Nomura K, Takeda Y, Unuma T, et al. Post-ovulatory
oocyte aging induces spontaneous occurrence of poly-
ploids and mosaics in artificial fertilization of Japanese
eel, Anguilla japonica[J]. Aquaculture, 2013, 404: 15-21.
Rime H, Guitton N, Pineau C, et al. Post-ovulatory
ageing and egg quality: A proteomic analysis of rain-
bow trout coelomic fluid[J]. Reproductive Biology and
Endocrinology, 2004, 2(26): 1-10.

TEPERLFA /2019 4F /5 43 45/ 45 7 1)



e IRkE REPOATS

[24] Ma H, Weber G M, Hostuttler M A, et al. MicroRNA sociated with post-ovulatory ageing in rainbow trout
expression profiles from eggs of different qualities as- (Oncorhynchus mykiss)[J]. BMC Genomics, 2015, 16: 1-9.

Study on characteristics of post-ovulation aging in ovarian
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Abstract: Using fluorescence staining, physiological, and biochemical methods, we investigated the characteristics
of postovulatory aging in ovarian cavity of turbot. Lipid peroxidation and antioxidant system (superoxide dismutase
(SOD), reducing glutathione (GSH), and oxidation product malondialdehyde (MDA)), ovarian fluid pH, and fertili-
zation and hatching rates were detected. Five time points (0, 3, 6, 9, and 12 h) were set for the artificial collection of
eggs and fertilization. The results showed that with delayed fertilization of eggs in ovarian cavity, the ROS content
and degree of lipid peroxidation gradually increased. ROS and peroxidation were positively correlated with post-
ovulation aging. The concentrations of antioxidant enzyme SOD and GSH decreased, whereas that of MDA signifi-
cantly increased. Fertilization rate and hatchability significantly declined. At 6 h postovulation, the hatchability
dropped to 2.87% to 10.60%, and the eggs cannot be used at this point. In summary, in ovarian cavity, after ovula-
tion, ROS content significantly increases with the extension of time, whereas fertilization rate and hatchability con-
siderably decrease. ROS mainly causes postovulation aging. The present study revealed the basic characteristics of
postovulation aging of turbot, determined the optimal time for egg collection, and bears importance in the cultiva-

tion of high-quality turbot larva.
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