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RTFENHEE, AEEXBETRIARRERETERSFMITNEAT.
KA B m e, BT, BIORA K, AWML, BEE, TENHBET 2N A%

FESHES: S 965.334

$y 1 B AL (Epinephelus lanceolatus) 14 #1 Je.
B A8, B H (Perciformes)fif £} (Serran-
idae) 1 B A1 )& (Epinephelus), J& A1 BEAAISREFK
Bl Rpyfa2s, WHARKMRE, WX, 5%
Wl , SR ETEEWN S KL 0,
HARG M IR 5 a5t H BT A B £ M i £0
BAFEL, JolEfs NSRS, BB,
N TEFE AR A EED, W KR T e A 5E
R T o KGR TR DR A7 2 DR A0 R AN 5T
PR T JE 3 Ko 5 1 M 2L PR 2R IR A ) B A v
HAT, &l AR apin FEETERIET
P A AR ARD | 2 0T, R TR
A3 IS 38 T Lt — 25 58 3

AR AT T 2 R DR AE B AR R ARG - 1 — il
Tk . TEEBAGRAMET, BRI Y IRl A<
SrEA ., 5. AT BE LT 58 5,
AR F—Fh bR, A0SR AE R AL 2
MRS af o, WIFE RS TE Y TENE
TG, WU LA ek, BTl
AL DL T B B B RS F 43 A B2 R (computer
assisted sperm analysis system, CASA) . G PRGN |
NLZHE . PAMEER UK AR . AL Y efa |
0 R 25 A5 A DN 1 20K T R AR IR Y TR IS B B
THEALE RS 7 0 Fr B R ] B AR BRI
PGAb R AR SRR AT A AT, B R
T ANZEHEF RIS, RS BOR B AR B & o
X, BHETE RSN Z R B IR 4 B
AR HFE A P, R S O BT 2R G 48T
AR Y Tl AE 28 05 25 IR B S ) S 4 R A T
AR, S M B RS T e S A R Ak )
fig . I PRI AT DL A= Ak AR B B RS - i 6
R JUEAE PEAA R (Acipenser baerii)™ |
KE A (Larimichthys crocea) 52 iz v [ .
RS B S5 1 56 8t B4tk TR FRYTs 1,
T EAZ 2 2 KG RE T, K T B AR g ] LA
T L A A P R S L AR A T VR A TR, R
07k B TE K 8L (Morone saxatilis)' . 1 4t W5
(Crassostrea gigas)"™ “E W Fh R F .

A5 380 3 % $ T A B A0S S SONG  RB AR
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SCHRFRERE: A

‘{»

B

URAT S PR AL . R T BB B L KT
Sk RE S T A R A L, RITE IR
VRO B 41 BEAEORS T I R LA, X I 2
RO A B Se A P Y BA B0

1 MRS TA

[

1.1 SCIg# Rt

S0 B LU AR 48 3 T B K 7 A B2 B 4
5o 5756 By A BE, SR E AT LI
KA, F 20224 8 H REEEKE, T 20204
9 H . 2018 4F 7 A F12017 4F 7 B4y B ARAE T
KGR, VR URORAEISIRL 3000 01 23, 49 61 M H
RS WOR S 7E o G B BT (1T—9 ), &
AT G, A5 D EEAERIFRES A
PRIEER, 382 5% 0 1 SR A B RS W 2 50 mL B0
Frp, REFMIHBREAGIILAG, TR
HTCFAE KR, REGET 4 °C WKFh R &
FH o A U4 RS 716 7135935 3] 85%L I,
TECT 4 °C vk It a7 Bz [\ S2 86 2= 478 v f
fF o SEURIT R PR N B3 P A% S8 ST S 56 sh ) AH G
SRR .

TR, SERL1 1 RFRLL) 19 He I 7E K
TP A AR BB PL IR R, BRI RS2 B 7k
i 25 O R ey A BEHORS TR R IE I T . B
TNPCERF BRI AR 2 mL AR, TR AU
ZEm 10 cm A AT 10 min, 7R AFEFRT 5 cm 4k
A7 S min, foJE AR ARE P RAE . TSR
i, MR AT B RS, BT 37 €Kik
W, PERUR R URAAE UK NIRLE, RIS
BT 4 C UKFEPR A
1.2 HFFRERTTE MG

SEEOHT SR SRR AS , BT 1.5 mL B
O, BAL T RYBBLE S BRI ERR . 0K R
TG ARG il (e R R, IR A E
30~60 s. FifiJE i 1 iR AR TS A 1,
B R . B BRA, BTG WM AR,
EHOR NI T, S008I0 T, THE
g n WS N 200 M AEA R T, TR
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HEKE T 200 ME A SR, BIOFEARE
SR 3 YK
1.3 HEHHEMRNEFED

K HI CASA F G50 el A1 Bt £ B RG Je VR K
W1, FRRIGKEG G, A TG 34,
LR 15 R (MOT) ., P4 H 4kis 8% (VSL).,
SE 14l £k is B R (VCL). 1 J& 12 s 3 R
(VAP), #Z3hiIE{H (ALH) %250, PEMR T
R F, 5 FH RS WOAR I 1 pL RS WO ACF 0.25
mL KRR K I AR A, W3 pL s
Ja RS T IMA CASA LHEI . KiF—4¥#
i, SEEDIF G FUS 3 CASA Kl R 48, Rl )
FE SR U T IS T2 S IGO0l , REBR 30 s #6471
P HNEGCREE, HENIES 3 min, 5504
J7 50 IG5 S0 304 TR R4 25 i o o
1.4 EEIEMEEN

SR i s A ) TR ARG T %) Tl T A U
TR B ey A B fRORG 2R BORS TR AIGIR A R AT
J& B A AL Y AL B (SOD). i A Ak S B (CAT).
LRI (CK) 77 BEH L 5T (GR) . BRSTIM
2 (SDH) e e H ki S AL W (GSH-Px) By
PR R =R AR Y (ATP) & &, MR ERAES IUL
BT,
1.5 BRgEan

FEEA I 5 BB K W it R R RS L DA
1 10 BB I AR IFEAS S 2.5% (1) I FL
BRI EW, FEFERTEE 2hFHEE 4 CHE
PRAF o [ 4 BB S 2 TR 3R 22 W (pHL 7.4) 152
YE 3, BIR 1S min, HBERREE S v (pH 7.4)
Bol 1% $RARA TR 4 °C BEOGEE 2 h, FBERELZE
WU (pH 7.4) T3 3 K, BFIR 15 min, R )5 K i
SE U B RE AR BB RS TR B BE I K, BRIR 15
min, ZBRSIGHEE L 15 min, THRJG RORE & S0
T H BRI L, BN BRSO & &
Mt 4 30 s A2 AT il B o R R OB
(SU8100, HITACHI, HA) N, #id,

e s I S EE A K W it VR R RS L DA
1 10 BB LI ARSI FEAS K 2.5% (14 )8 T
Br e, EEETEE 2hEHBEE 4 C#E
PRAF o 8 I BB S 2 B R ER 22 v (pHL 7.4) 15
Ve 3K, FIK 15 min, FHBEEREES% vh I (pH 7.4)
B il 1% $RERVA W, 4 °C ®EOLEE 2 h, FHBEERER

R E K7 2: 2 E /) sponsored by China Society of Fisheries

ZZ M (pH 7.4) IEUE 3K, IR 15 min, R
[ 32 2 AR i AR VR AT RS R s BE T K, BRI 20
min, Epon-812 B#E MM, WIHRHE T 60 C 1%
ARG 48 h Ul o P R il FAy A R B kit > XX
w6 Ao A B R RUBE (HT7800,
HITACHI, HZA) Mg, i,

1.6 BRI

BRI ER, Bl HE S (E 5 U
7 (meanSD) £~ , 159 %2 A% HE F Excel 2010 4k
PR w0 % B0, F IBM SPSS Statistics 23.0 454
HEATHT, FIFERE 252253471 (One-Way ANOVA)
SRR IR AT 22 B E M g, WE PR R P<
0.05, JH GraphPad Prism 8 #/1E K .

2 HEiR

21 KHBRERLAREFNETAHEBE TR

R SEEE MR A A

FHBRET DR B S AR Y A B, BT ey 41
B o RS RN UR BIORS 7 BB oe sk, g5 R WoR, Rl
FER VRIS T I, R TR AIE (B 1),
EERG (1915 2R 83.43%+2.73%, Zeat IR FRAL
S ORS 715 3 B 35 B AK (P<0.05), {H =41k
K Z A TG 2% 5 (P>0.05), f#FERTRI N 23 A

100 -

80 -

60 —_

40 -

R RIEAD)
spermatozoa viability

20

0 1 1 1 1
0 23 49 61

TRAFI 8]/ H

storage time
1 BERSENETAREE T REMNRZIT
AN R - BER IR 20 F) 22 57 . 35 (P<0.05).

Fig. 1 Effects of cryopreservation on

sperm plasmalemma of E. lanceolatus

There is a significant difference (P<0.05) between groups with different

letters.
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MRS 16 Rl 64.38%+2.21%, fEfEHTIa] N 49 4~

F B 2R TS Rk 61.87%x1.81%, 4470} E] A 61

N H K TE RN 59.96%+1.00%

2.2 HEVHEHMEFESHEKRN
RAKBA AR GRS G ot FTiEHAK

84 b AR SEERE FINZRORS i R S EA 76 ok, ek

Fz1 BREREAFRAEE

K5 T ) i N 90.47%+3.34%, K17 23 A 1Y
FRKETE 1M 68.58%+2.73%, GETE 49 > H Ak
6 1R 65.28%+11.44%, fitiff 61 1 H BIZRHKEIG 77
M 63.95%+3.66%, EH 5N LR HoA 32
5 (P<0.05), {H—=ZHVoHKE Z 0] 0 i 3 25 7(P>0.05),,
HAZ sh SR AR BE S R N2 1 s .

TR TEHSHLE

Tab.1 Comparison of sperm motility parameters between fresh sperm and cryopreserved sperm of E. lanceolatus

LRAFI 15/

storage time MOT/% VCL/Aum/s)  VSL/(um/s)  VAP/(um/s) LIN/% ALH/(um/s) ~ BCF/(HEFT ¥ E/s)
0/ff4%  fresh sperm 90.47+3.34° 42.1247.71°  29.38+6.41°  34.20+6.97°  62.63+1.53° 1.00£0.08° 6.92+2.32°
23 68.58+2.73" 45.06+7.29°  32.05+8.17°  36.83+8.35°  55.3245.32°  0.96+0.02° 7.53+0.71°
49 65.28+11.44°  46.03+7.02°  32.03+7.95'  36.99+8.15°  52.124837°  0.96+0.04" 7.43+0.80°
61 63.95+3.66" 30.23+2.20°  18.11£0.76°  22.02+1.16°  51.55+2.69°  0.90+0.03" 4.70+0.82*

TE: FIZIBAR R b3AN [F N5 - BER R 72 5 1 25 (P<0.05). MOT S 11 %5
IBEEA; LINKE TI8Zh B2, ALHAZZ)RE; BCF.HEHTHI,

VCLFHMZRizshiE R, VSLPHELIZHER; VAP FHIHE

Notes: In the same column, values with different lowercase letters superscripts mean significant difference (P<0.05). MOT. percentage of motile, VCL.
curvilinear velocity, VSL. atraight line velocity, VAP. average path velocity, LIN. linearity, ALH. amplitude of lateral head displacement, BCF. beat

cross frequency.

RAKBAS AR EHFT o e FiEgKkEA
b % R E O IS, PO B S T

38.67%+15.66%, fHAE 23 1 H %K 1 30.41%:+
5.53%, fififF 49 D H NG R 30.70%+8.00%, fiff
7 61 A TR KE M 16.28%+4.36%, fiEks 5 7Rk
Z I 2 %R B E (P>0.05), (HHE K ST [
(1 2)o RS 7 B0 i P B iz sh kS T 5 41.03%+
8.40%, fififF 23 M H NG R 21.87%+2.27%, fifi
17 49 > H B9%A5 A 19.48%+3.13%, fiffE 61 T H
RS 20.96%+2.12%, #EAES 5 A% 22 18] 24 57 1§
E (P<0.05), SRS, Blis a1
10.78%+3.92%, f#1F 23 4> F 1 A5 K 16.30%+
1.95%, fitiff 49 > H T7RKE N 15.05%+0.33%, fifi
£ 614 A B RS 9 26.71%+1.43%, K55 23,
49 A Rk 2 [0 22 55 AN B3 (P>0.05), {HY 61 4
FORAE Z 8] 25 53 8. 3% (P<0.05).
2.3 BRI FRAIEHET RS REE S0
RAKR A 3T B BB A F RAE R A
ATP & & ¢ % vh ot g g, K
ATP % 1 Jy (787.89+61.80) pmol/g prot, Zeit iRk
BB HIE, A7 23 N H BITRRSH (593.95+61.81)
umol/g prot, fitf £f 491 H Wy VR 4§ & (400.01+
59.38) umol/g prot, HEFE 61 4 H %G K (121.21+
45.35) umol/g prot, ZHGIRR URAT G M 3 AL

https://www.china-fishery.cn

Z I ATP & 0 W3 22 5% (P<0.05), H (K
SN S

By A B AL RS I T ATP & & R (78.42+
21.39) umol/g prot, ZWINIRR ARG, ifE 23 1
H B %K ATP & &4 (218.63£93.38) umol/g prot,
%47 49 1~ H B9 7RG A (432.52+48.47) pumol/g prot,
BAE 61 > H AY%HKS A (451.53£124.49) pmol/g prot,
BRI ARG, BEREAE AN E] R 23 A H B
R ATP & 525 7R B3 (P>0.05), 5HA
2 RS A HE B 3 TR (P<0.05), HIAR{KR LTH#
(& 3),

AR L 3T ¥ o gt @ dEF RAF R A
SOD & 8 % A B A0 B A RS R ORS T
SOD {1t M (779.99+37.79) U/mL, %8k AR IR %
W, EAE 23 A H KA (531.44+12.59) U/mL,
A7 49 A H RS N (456.60+11.76) U/mL, fiff7
61 > H BN N (329.92+11.23) U/mL, 8K 5 3
HFEAEHE T Z 6] () SOD i PE # A B 3% 22 57 (P<
0.05), HIEMRL FREE

B O B PR I h SOD TR 424 (190.65+
16.49) U/mL, Z@IRIRARTRIG, 4 23 ™ H TR
KON (223.8£2.14) U/mL, & 17 494~ H W Rk A
(240.99+6.12) U/mL, #8761 /N B%AE Ty (283.86+
5.99) U/mL, ZBRIERA ARG, SRS FAR A 2
H SOD 7 1 22 & i 3 (P<0.05), {HJE 23 il 49 4>

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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F=d 1830245 slow motion 1000 -
RN #i#i25) medium speed motion M /55 spermatozoa
N . . =) 800 [ 1¥5% seminal plasma
[ I#dizsh  rapid motion E >
= Az immotile 2z 600 b
T # 3 <
it 8 400 d
a wn B B = A
@) 2
100 - 75} 200 H H ﬂ
23 49

“iid
oo Il
L
R

50 +

BHIE D%
motile percentage

0 1 1 1 1
0 23 49 61

TRAFI R/

storage time
EI‘I‘JEIX{@*H%TH EjJ/U(:uH’J
BOETL

Fig.2 Percentual change of fresh sperm and cryop-

2 BIREAERA

reserved sperm of E. lanceolatus in different motor states

1000
— M 57 spermatozoa
% 800 |:| K% seminal plasma
@
22 600 F A
23
i & 400
4 < BC
A 200 -
P
z ¢
0 |_|
%ﬁﬁﬁlﬂ/ﬁ
storage time

E3 BRERELAFIEETANMGHETR
32 ATP SEMTK
NEERIRRBTFRNEREE, REFHERER
(P<0.05), ~Idl,

) 22 5 2 2

Fig. 3 Effects of cryopreservation on ATP of
E. lanceolatus spermatozoa and seminal plasma

Lower case letters indicate significant differences between sperm, cap-
ital letters indicate significant differences between seminal plasma
(P<0.05), the same below.

H RS RS H h SOD 1P 2 R AN 8.3 (P>0.05), 5
61 > A RS RE I 22 7 5L (P<0.05), HAERLE |
FH#a# (E 4).

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

61
TRAFI 1)/ H

storage time
4 BRIEQHFNEEAREE T AES
SOD &M HIFZ M

Fig. 4 Effects of cryopreservation on SOD enzymatic

activity of E. lanceolatus spermatozoa and seminal plasma

RAKIR A At B ot a5 F RAEEA
SDH & % 49 % vh Wl A B RS T, R
SDH ¥ P M (53.1943.06) U/mL, £53d #BA% IR 4
&, BEFE 23 D H VRN R (45.8344.17) U/mL, fif
£ 49 4 A % K5 M (40.10+6.12) U/mL, %1% 61
A BERS A (25.37£13.35) U/mL, BEREEAKET
BERash, (BB 557 23 T 49 S H %R 22 5
AN (P>0.05), SHEAE 61 A H Mok 22 7 3
(P<0.05),

BT A BE A0 BERS RS I b SDH {1 M0 (16.04+
4.54) U/mL, ZHRERHE, 664 23 ™ H BTk
KM (86.62+7.86) U/mL, fi#f7 49 > H HIEKE N
(44.91£19.78) U/mL, f#fE 61 A (%A K (38.50+
7.86) U/mL, SDH i1k 3 4 A5 ks vr, H
SEISETHE S AR (K 5),

100 r i M 5T spermatozoa

[ 1% seminal plasma
B

a
L a ab . BC
1
C
O |[]:] Il Il Il
0 23 49 61
TRAFS 1]/ H
storage time
HFIEEAREETRIER

SDH &% B9 520
Fig.5 Effects of cryopreservation on SDH enzymatic

SDH i 1/(U/mL)
SDH activity
i
(e}

Es5 BIRiES

activity of E. lanceolatus spermatozoa and seminal plasma
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RAKBA AT B o bty T AAELA L5 ¢ R

GSH-Px &M% ol A B A RS Hh GSH- _ UM% semiaal plasca

Px kS TG PE N (119.1948.43) U/(min-mL), 285 20} T

RV TR IS, 617 23 > H IRKE R (23.46+5.71) 5 z .

Ul(min'mL), %77 49 4 F (9 785 A (22.71+8.80) S b ]

Ul(min'mL), 7 61 H 17K (13.89+2.07) B8O 03y i i

U/(min-mL), f&f 45 %K 2 [\ A 22 5% W 3% j A A A A

(P<0.05), 111 3 21 K 22 I 6 025 2% 5 (P>0.05). 0 LR 6'1%

BIRR TR {RAE I 15/ H

¥ Al A0 B & ORSORS 2K b GSH-Px I 1 K
(9.27+3.31) U/(min'mL), Z&MRIRBEGE ., #F
234 A MR AS R (24.43+7.41) U/(min'mL), it £7
49 4 H B %K R (37.38+5.79) U/(min'mL), fif fE
61 ™ H %Ki K (58.13+3.07) U/(min'mL), £
IR ARG, HAETE I iR &, 4 412 im 2
S (P<0.05), HAEEE FIHEE (A 6).

150 -

a I 57 spermatozoa

[ I¥s% seminal plasma
100 -

A

W
(e}

B
b C b ﬂ
D b
0 ||l| i|’l‘ il il
23 49 61

0

GSH-Px 375 1£/(U/min-mL)
GSH-Px activity

fRAFIS R/ A

storage time
6 BRERFNETAREETRER
GSH-Px &R
Fig. 6 Effects of cryopreservation on GSH-Px enzymatic

activity of E. lanceolatus spermatozoa and seminal plasma

AR R A AT ¥ ir o 5t &5 F RAF KA
GR /& M 8 % v B A BE A EERS T, KT
GR I PEH (0.24+0.08) U/L, Z@BIRIEAHIG, %
T£ 23 S H BY%KE M (0.34+0.14) U/L, G817 49 M H
(RGN (0.47£0.15) U/L, GEAF 61 4 H H%HKE N
(0.82£0.19) U/L, GR {Gith&E FF %,

By A BEf EERS RS K h ., GRIEMESA (0.04+
0.02) U/L, &MRIRE ARG, fEfF 23 D H RN
9 (0.07£0.02) U/L, fiff7 49 > H WK N (0.07+
0.03) U/L, f#ff 61 ™ H BY#HKEH (0.09+0.04) U/L,
4 P Z B TCEE 25 (P>0.05), (HEKRE FFHE
N (SN

RMAR R A Rt ¥ ir o 5t & 45T RAF R A
CAT #& M 69 % FO O B RS, R T

https://www.china-fishery.cn

storage time
7 BRELHFNETAREETRER
GR ARSI
Fig. 7 Effects of cryopreservation on GR enzymatic

activity of E. lanceolatus spermatozoa and seminal plasma
CAT 77 Jy (182.87+37.17) U/mL, Zeat MK IR ¥
TRa . fEAF 23 4 H BIZRKS A (95.06+7.02) U/mL,
it A7 49 4 A 7R A 0 (65.36£7.49) U/mL, i f7
61 ™ H By ZKE M (33.78+8.88) U/mL, ffks 5 =24
HNS 2 ) 2% R B3 (P<0.05), H Rk Tk
(& 8).

B RS T, CAT IRPES (31.30+
13.69) U/mL, £ RIG, i 23 ™~ H TR
KA (37.23£9.87) U/mL, 17 49 4~ H WK H
(49.27+6.90) UmL, fi#f7 61 4~ H %K M (90.42+
19.32) U/mL, KRG FUGEAE 23, 49 N H P RAG
K3 2 I8 B % 25 % (P>0.05), {H5#%1F 61 T H
() RS RS 22 5 B (P<0.05), H K E T
R

RAKB A A3t st a5 F RAERA
CK 7% M 64 % ok oA p e, KT

250 -
a I 57 spermatozoa

[ IHi%  seminal plasma

A

CAT & ME/(U/mL)
CAT activity

b
b
be
s
0 23 49 61
{RAFH 18]/ B

storage time
B8 BRELHNETARBETRER
CAT FEMERIFZ0
Fig. 8 Effects of cryopreservation on CAT enzymatic
activity of E. lanceolatus spermatozoa and seminal plasma
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817 23 > H %R 4 (22.00£8.65) U/mL, fi# 77
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NG A (6.5240.23) U/mL, SEAFTG Tyt , it
BARA A, SRR SAEFITE Dl 23 A A 1Rk
25 AN NE (P>0.05), SHRAPHGK 2 BE
(P<0.05), HAETFIGMER TR,

et A0 B B BERSAS 2K b, CROWE P R (2.90+
0.64) UmL, Z@BANERHIE . 6 23 M H %
KM (9.90£1.89) U/mL, i 77 49 4~ H W Z K N
(11.40+0.23) U/mL, H&4F 61 D H IR N (26.63+
2.74) U/mL, KSR RIG R, SHERKZ
] 22 5 3% (P<0.05), {HAi#fF 23, 49 4~ H M4l
HAS 2 8 G B 22 57 (P>0.05), HERE E T
(% 9).
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Fig. 9 Effects of cryopreservation on CK enzymatic

0

activity of E. lanceolatus spermatozoa and seminal plasma

24 BRERLFNETARGHETFEMESHN
A

4248 AT IR ARNKIR A TR A AF T ARAK L5 M)
ENEAD FHEH P B W AP v VR T ety
A PG TR (BT ). 5 KA i
FhE ¥ —FE, Bl O B IERR TS5 R THEE
B, kAR, R BOR RS 3 B4, &K 37
um TSR R AL SGE R, SR WA,
AR RZ IR BUBER I ADOEW, HAR 1.7 pme A
T B A SR FE I — N ERIR A R, Sk
TRAMEEAE, TBAUE. EAMBM, 2
TIBEN EEAE, HREZ 02 pm, KEEZ) 34 um,

S ARIRS S, 5 IE R R £ B
TISEAMLL, H Uit 2R BAE . K1
WEREE AN, (HRER L EK . K
Tk BRI v BB R I T e R 7 4

A AT ARARIR A A A T AR LS M
SR A JH 25 5 B — 20 S AL v TR
FITJi B 4 A0 BREFAOKE 1 ke 45 4 (PR I ) TR 1Y
Feli A0 PR 1Sk I BRI, gl
RSk Ry 23 0], e @ de, anis
SRR AR, SEROROIR . A S S —
AN T, A S B AR TR, RO
5, SR BONE, AU mAR XD, BB A
Hh A R Y 28 BRATAE o Lok A2 5 R A 475 30 S
LR RIBEAR AR, 3 i PR T AN ES
Hisi, SRR B 22 M A R A5, RS T
R G R TR B TR, 2REAR,

Ehi 1

PR ENRET AHEBIRERSFRRER FBNEN

LOBANMEERSREAR A LB (SEM) B AT 20 Bkl s 3 BRI VRJE M T, HEBME, ThBURVE, SRIBIAGE: 4. BRR A RIERE T

WL, b TR, md KT, fHEE, R
Plate |

SEM observation of ultrastructure of E. lanceolatus spermatozoa

1. single fresh sperm of SEM; 2. fresh sperm of SEM; 3. frozen sperm, flagellum fall off, sleevelet part fall off, plasmalemma collapse; 4. frozen sperm,

flagellum bend. h. head, md. sleevelet part of middle, f. flagellum, the same below.
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Elh 11

" g AL

ES R RN R EE A& BRIECFIEE FE8MEH

LSERERS 15 2 BMRIRA AR T 3 BRI R R RS T, ISk iR, BUBE SR I W AR 4 8RR RS T, T L
KRR, ARSI . n d00EA%: mo Zokifhk; SRS of HhREFYE; pf AMNELTYE: v. T pm A TAURBUEL: nm. .

Plate I

TEM observation of ultrastructure of E. lanceolatus spermatozoa

1. fresh sperm of TEM; 2. frozen sperm; 3. frozen sperm, the nuclear membrane of the head was wrinkled, the space between the nucleus and plasma

membrane was enlarged; 4. frozen sperm,mitochondrion lost, cytoplasmic loss. n. nucleus; m. mitochondrion; S. sleeve space; cf. central fiber; pf. peri-

pheral fiber; v. vesicle; pm. plasma membrane; nm. nucleus membrane.

il e i 22 2 B 1) 25 I PR O S I, il S A
XERR, TR A 3 RIS | R AN S A 2Ok 1A
M, LRAAENS TRERMGETF 20T, WA Ti53)
fefibfgit . ORI B s B e, WUZ R
2, WIESHMNEZ A U RS B KT R
5 R A A T AN B R AT L
A O M MAEHSIEM B RISNZ, 1M L RUE
T, RMRIR <o+ 25, RBIEERENZA, K
UL S R A S A AR, (H O T R B 2
i, REEI TR o

S AR RS, WA T AL T N E R
FERYI, EERIAL . FUEBIREE, iR
T, dniar i, A S PR Z 2 AR K
LORLIR I R AR, S5 AR AL . R T HEE S 3k
MR BB IR I, (ERUE S SEA SR

3 TR

FURT, AR T T 20 RO 1 i kA
AN 20 L IR TSN s R E UL AR A
SETT o KRS VRORAT R 1 R T B IR AR 4 1
BRAtZ —, ER] LU S 2R Y YO T,
Fe At B AR I R AP R AT, ol LAGE AR £ A
[Fi) A= B ) el ot o ) ) £ DS AT S L, SR R
M0 e B AN TR 2D B TR, ] At D gt A% 7 il A
bR, 2t ZAER IS R R BRI, B
NVFZ RN TR T T, AT SR K £ Ve UK
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K FAEM RIS 15 S8 2 RBIAH] 95%"Y, Tian S5
ST T O A BE AR TR TR B R RN R
PR-AEHS 1355 4 000 mL LA |, 754 BEAIm 24058
BRI T VR . (R RS e
TRHB, HiL, ESbrA i, WX
PG U ARG A, DI P oA o o

31 BRERFENETANERETRIRLER
M RERIFZ I

o 5 76 R 1 e A DM RS o o ) — T A
FB. HSEBAEAONAE T IE# A K Tis3sh
REN A EEAEN, WM, HER 7456 M
BI$E 51T, NG TSR I B 2R AR, HI)
REJEAESPHE T N ARG AR e, AN AT
FURME B ACHL R FERRE, XA T DNA SR8t 1) Fui
HRAVERRY, H RS RS 1 5B e B 1 1 5 1%
A ARG AL R, A ARB K-
ZLiE Y% (HOS-EY) ¥, MifbNEE (PD). WAL L 5E
(EB) 7L Y (3555 . H U 2 200G 1 K A i
WAB A, e (50 BERS HE NS T I HE, TR 1A
AE, XFESURETE WAEE T 2 BRI T FISERS 1o
FLW, 30 AT K T S €050 R ik 5 0l 28 XU IR £R
(CFDA) &5, 53 i ik I () i i Ve L 2 Ytk itk
AKETNES, TERERREAL RN T, TR T & 4
TP, BT EAERRE A BE (E. coioides)™ |
i (Monopterus albus)™ .
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BT A0 B A0 PO S O TR URORAE TR B N
ARSI AAG I, 2R M IR YA VRS Y i B
RS F I I 0 B B IR TG . XS A
BERAERI AR EE RO 0, HAR A O A i
AT LAERE, RE RS WA AR TRV VR IR AT J5 T A
W, R,

CASA R G AT ARG 15 sh Bk, fg
HERIIE MOT, VCL., VSL., BCF, VAP, H%
PE. PR & ALH 48280, Finiil 45 SR A5 e i v
JERN D — ik, VSL. VCL Fil VAP 1E8 11230
T REZEMIMER, JFH MR TR T 52k
RAYCRP, ARSI, B A B ORI R
St V3 VR [R] A 2B AT RRAIG, 31X A 5 Park 262
A Kim 5 AT 25 R — 2. RIS, o 4 B fa
K12 8RR Y2 YR J5 19 VSL. VCL 1 VAP
P JLIEAE T, CRAERTE] R 23 1 49 A T I ROk
otk i, (R ARAERT T 61 A~ H i VRS B L
BERE A, EL A B 2 4 VR s ) A S K T RIS, 6
AFR T B4 V8 VR AR A T TT DA 4 12 o T A B R
TR, IR e T R R VR R 1
MFAGRERE o Mwe S0 3 5 i b 2t 4 Fp AR
TS B A R B T X — 4, 4 PR
PSR BE BT R A5, RS 328 Sh BB Y & X
W2 . [B 104 4 (Coreius guichenoti) ¥ 115433 48
IR VRIG , JLIEUEAR A BT REAL, BAS T2 30
P RE 2B 5, Bm ikt F8F (Paralichthys
olivaceus) W EERE SHNGAH L, HZizgh iz
SRS TR B D, ANiB s A 12 Sh A
FHCEZERINS, R AR S IS,
H VSL. VCL 1 VAP B AR K% 57, n/hif
(L. polyactis) i T ) VCL Jy 25.38 um/s, fili F}
(Tetraodontidae) *A7 183 um/s. 45K (Pyrosomella
verticilliata)296 pm/s., %W ¥ 55 88 (Pseudopleur-
onectes yokohamae) 65.9 ym/s . AR 140 um/s*>,
A FT P A BE N 4212 pm/s. il EiR Y
Pyt 2B, S T2 s F, VCL EAR
BT VSL{H, [i5 VAP {H#%E, VSL{EK
AN, UL SRR 2 iz g, A
B A BEAARS T VCL ol 42.12 pm/s. VAP Jy 34.2
um/s, VSL N 29.38 um/s, 5 FiRZ5iE—5, i
B A R T2 R iEsh . RInfAss
BEEE, SaBANRR RS, ol A BE s
18 B RS T s, S B g s S
K T2 3G, 3t Al DA T iz ik R AN UL VA R
XAEFiz shMERe R . 25 b, %7 I AER DA
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TR EHER T AR, BA R,
B i AR SR AR A A DR, L2 BRIk BE A
WRERE . RGBSR Y
B o3 A XSRS S R 2 R, RIS A7 7 —
R BRYEFIRRUEAL , BT LIRS E5 & Hofh )5 4554
ot DIRRSCse 8 R HA Uil T

32 BRERAFAMNETAMER FEMEHN

A0

bR T i sh 820, WTIBadE k)
2R T KA A — N FREE QiR S W A
F A LAy IR AR B AE A BICY i 3L Sh A AT
JE&THEEA, FLIEHLT. b ERGhE) MER
(MEE) = ding, HIX I FZAHE TR, 3.
F. DR REEIRIE , AR R E0IR,
KM T2 U8, A TUAR, aasm
BT EASWETHER, [HEEE fAKFEAR,
K25 8850 19 5 LR KM A TS, BRJL
FREGAL, S IEA TE TR, A5 T id i
T RE ST IEE, Eoi ARk 5K
BB RS Tk, SRERRIR, H
AR ERIE SN EIE , N FR 2245 S i i,
YHRAZ R BT, R AR R A A% 5 A B BT 43 I
K AR AT BN A AN BT N, AR A% S R A
B, R A S st MR . R, B
IS T AR R e e, SRBRER,
FERE AR AR, N FEEAA LR . BRI
YT AE AR RS, SRR TN ERRE R AN A £
Bt HAE AR AR LR AR S5 4 1 S B,
IRERARGE Y Z 00, W HHEE W ATP G . 5
L A BEff (E. septemfasciatus)™ 1 55 415 A1 BE
(E. malabaricus)™ —F¢ , 87 A BE QRS + rh B 4
A F 18 0 St O 8 A RO R TR R A FEAZ Y
PRt o] DK b Be i E 25 A SR, &Jm, B
HRHE B 2 o R B TSR Sk iz s 4544, ™
T Rz, AR A, SRS Y 9+2”
WAL, JOER . KBz, Josg, %4540
5 T % (Oncorhynchus mykiss)* . % W fif; (Silurus
lanzhouensis)™ . K ¥ ¥ 5 (Gadus macrocepha-
lus)™ . KIRKIGE £ (O. keta)™" 55 R ZH I 554 —
B, (HAHESEAE R 22 A1 L K B /D B R i,
X SRbEasEal —2, L, R
H M (Plecoglossus altivelis)™ FIEHT 41 B
AR, HHEFEIEESRE U FIE . Zh
B A 14, RARHEEA S, X8k f e
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W e LA L, (R Bk e ity SR g IEMERWRR I, KIS ATP & B R IEADG,

o5 5 A BE £ (E. akaara)™ . 58040 B (E. fasci-
atus)P FHE A3 BEAL (E. bruneus)™ 5452501, 1M
(AR} B 22 (8] 2 254 A H A AR = i A
I, TR o 2R 4R — s A

A5 L, WFad@ReRE, FE
T BT A BN R A . SRR i . MR
BT R , X S R R B B 2R T
2 AR R VRIS i — A, B T AL A
RANAL A . JF HAE H A B 2T A8 = 1R 1
A R, BIINA ST ok 1 R AR I TS S
VAR B T B s 25 5 — 35, WS Ty
A 5 22 P oS 1 A1) 4551 — B, i X s

P05 1 J5L PR AT RE R DR g T BE R R, R I R
iR, AN K SRR I, R R

Fhim, NS AR 22, SRR, H
S T AR S EEABR, KT RA R HERR
LA, 3 A P R S K it DA T R 24 i e
KA A SR A Al B e -, LLE s
U1 (Mytilus galloprovincialis) 31, BIA# &[5 —4)
Fir, TR A R R 32, 15 30 RS 30 R
AR, AR S v e BRSO A A e T
Xk

33 BEREAARNETAMBRE FRIERES
RGBSR M OS2 M

ATP VBN i EE W RE R T, 74045 Fh
A RETREEREZENEN, HKPSUEd &
W 2 AR ThRE, WHEMMERAE T . IRERY S
LT ATP /KP4 FFES, SRR I UG (SDH) J2&
SRIRIG IS — — AR S TR LY 2 I,
SEARTE T LR b i — PR R, HE M — A
RV = R ERAG R A2 AT RE BE M AR, HE R Y
55 55 AT USRS 1 e it AR i v BRAR B, ] LA
FHR VAN BB AR Y VR T JE A bk Dy g™, L
PR it BEAF TR TR L L P 4 B R RN e
v, SN BE RS ATP AR A HIER R,
BRI, 5 B8 s A A O Y i s 1 v ARt vT DA —
SE R R RS T3S A, BT LAFE RS
BRI ITEM M EE S H iR, bR Xk
WK FRBAVRR RATE , BT JLRae AR
B AORIF I W, KO 0 ks v ) A AR TS
VR34  EAR T E . an SR Nt N ki AR T e 2 4,
WK S B ATP & B2 R, AT E— 20 52 i ATP
fifg 1% 1% . laffaldano 45 % 6 I 28 *E 0+ ATP il
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WEERESER M RIEH, WA E L0
(K SR RN 76 168 AT IR V2 R T i T 2 1 A8 b
W, ZaEBAGRRURIG , KE K R A e T
=, K BE S M AR AR H A 68
(Anguilla japonica) K& 3 ARG T A [FIRE & B,
ABE5ET, Bl A B TR AR R RIS, K
TN ATP & it i N, H Bl 7 URET (] (9 48 K
1117 4 5 B A, SDH A CK W Ff il 136 4 th A5 1 4 1)
k. SZ Mk, FELdBIRRHE, WKt
ATP %t} SDH Fl CK P A il 7% M 23 Bl 4 V2 R i)
(] () B K T 3 TR, PSR AR S A FE
A O S5 R — B O AR AR RS
A AC T O PR R A SRR, AT R R AR 7
R0 FE v BT 28 0 A BREE M AR, L o R
Pt LR R IR B A EE R O, BB D
B BRI, XM RAT AR & AR 2 VR IS
G R A RN 6 ] Y AT B A A AR C PR
R A, RS AR S T — [
B GV SIS I Z M E BRI R , MG PE
TR FEOR FIE IR R, X e T
PR = A AT DA ok B VAN B S5 K3

34 BRERFNEGEAHBETFRERNE
EE M RIS

YA YR SZ BISN R RET R, 27 R R
H VR4 (ROS), WRANRE KRR, AT HE 2 %) 4
LR O A, A DNA #i6 . BERIE . BE
it AR — RPN, B AR
AW IR AE R A R B B T — B e R BB A
RGERE RN Z RN, TR A0 %52 41
At SHE T T TR SER e

IRWREE, —RRNIEET R, TR
SOD. CAT. GSH-Px. 4/ &£ E. 44K C. ##
ME MDY, B—FRANEE T EAY, 84

A (Hy). 252 W (GTP) 22 M 4k Wy i
T (T-SOD) J&: & A 1 T 48 F P 3R 28 — B B £k
L P 7K ST 2 ) W 1 S A 85 3 8 S fR b4 B
R, GSH-Px 2 WUAR N ) 12 7718 i — Pl i
bt S AL S i B B, AT LA B4 40 40 i 45
Moae e e, HAERIE S kP 1 aE
F, CAT S b ik S Ak &40 A i 480 RN 7K 1Y) il
G Al AT DL BORS T35 F7 o Castro S 5T T
fof W38 A4 IR PR AE T 5 SOD Fil GSH
BTG PR A AR, A BB RP BTG PR A AR
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1Et (Lateolabrax maculatus)™® K& 1 7& 21 #B AR IR
R URJG SOD EMEIL A & 22 5%, [UEEAEIRN
AT AL B A BB S AR R S R A 5 . IR
& 0% 1~ 11 (Siganus canaliculatus)™ ¥§ ¥ 4 i3 #B AL
IR¥ VRJ5 , SOD I GSH 1 0l 1 1 1 1 3 TR
AT, #eali 41 BE AR T SOD. CAT 1 GSH
R A 0 o TR Y RS R A R R R, B
AV URIN [A] S A TS PR AR, RS P SOD #1 GSH
X P R A 2 0 AR R Y R S W T
CAT itk LI EARS, (AdA LIHES. it
Thuwanut 55 FEAOR] 118 URIRAF O BT 58 P B
FEHL TR ¥R SOD ., GSH il CAT i % AL
A DAAE — 58 P B 4 R RS 1 0 0 R 5 R e
M ST UE I T R ARG it ¥4 VR 2 IR 1 ST R
GR 22— R, EYHUREIET RGN
NEBEGZ —, AT LAGERE A A S A e
JIK (GSH) & it AWFFEH A, #il £ Btk 1
ELDBINRR G, GRIEM R M aTHE, K
P BGTE PRI B 22 57, IZEST 45 2R S VAR AT
LSRN SN ] TR F AN RN S SeA S
(Exopalaemon carinicauda)®™ . K- 517 55 1 W
FEAR—E KRAVERTR R TR i e PR,
TR0 5~ B B A A DR A 35 R PR R A Y,
T A0 20 118 UR DR AT Hh o 2 IC )5 365 0 A R TR
PUoRs), B AR 400 TR I R AP PR, By
IER RGOS . A R AR T A TIUA, TiRd
BOEW 5K 716 . R RE A B R™, 1E
MRURKE TAR PR E IR

R BEA AR THOR, B4l T
AR RECA R, LA A RS 12 Rl B
K TV URFES, 5P T A B A0 0 T 9% U5 K 3 DR A7
FETZ I T B e A2 B R R v R O
H o HZK SR I #5803
R H 23S fh e = e s fa . F A EE
B KA KA [E. tulcula (3)] HAE 5 85 05 A B
[E. fuscoguttatus (Q)] 2238 H5H W« 4 58 A B0,
AT A 2 A 3R R AL T v KL SR
ZePRIE AT BB, R B B B RS S B
7 (Chromileptes altivelis) #1718 % 24 28 B F &
AR, HA SR AR AR i3 R B EaEY
WA e 4 AR 5SS 18 A e . B8l
DEAO A RS, Ul V& VRS 570 A0 B £0 75 b 0 B o
Baheams TR . ASLgh, Bl a
PE RN 6~8 %, IEANTEH R, 7wt
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FIAE TR RO AT TARRT Y 2308 7 i 7 B
R Al BERE I OREFAE 90% LA, AFREXTHS
TSR FOE AR . LRSI AR R,
KR VR X RG Tz 3l . 204t b A A= A ™
AN]SR BRI, (EF NSRS VRS TR iR
T AT EG PR R SR E R R,
N T AR AR RO et A B HORS 5 RO
Bty 41 BEARS 59 VR DR AT BOR TR I P28 1 3 52 7
TEAEAT IR EE— AR 583

4 ik

L5 BRI, X A BE AR K ORI
TV V)G B AR B AR RO T o W], AR
TRV VR X 17 A — R RS, 00 1K
FRBEmEE . PBR A . MEE TR SR . At
To5% o [RINHV VR A3 3 AR 1 B At 2 (RS 1
RO ) B AN SR 1 BHE ARSI, (ORS  P l T
PEREAR, R BTG PR, ELV R4 B 19
S BEE VR VRIS R RO AN 8 o ek, ad A
B BIAE 773 T 2 58 CASA XK 732 sl I k£ 1
IrMT, R BRI VS R MR Tz S RE ) TR
P, ¥ U JE R TBTR AR MK 2 SR 7K P o

(14 F AL L IR g & Al o K )
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Effects of long-term cryopreservation on ultrastructure and enzyme activity of
Epinephelus lanceolatus sperm
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Abstract: This paper aims to explore the changes in plasma membrane, vitality, ultrastructure and enzyme activity
of giant grouper sperm in cryopreservation, and provides a theoretical basis for elucidating the relevant mechan-
isms affecting the cryopreservation quality of sperm. The semen of giant grouper was collected and stored for 0,
23, 49 and 61 months. Plasma membrane integrity was assessed in fresh sperm and cryopreserved sperm by Y-
aniline black staining. The motion parameters of giant grouper sperm before and after cryopreservation were ana-
lyzed using computer assisted sperm analysis system. Changes in the activity of six enzymes (SDH, CAT, GR, T-
SOD, GSH-Px and CK) ATP content were measured for seminal plasma and sperm. The ultrastructure of fresh and
cryopreserved sperm was observed by scanning electron microscope and transmission electron microscope. Fresh
sperm had the highest plasma membrane integrity of 83.43%+2.73%, and sperm plasma membrane integrity was
significantly reduced after cryopreservation (P<0.05). CASA results showed that the highest mobility was
90.47%+3.34%. Sperm motility was significantly reduced after cryopreservation (P<0.05), but its value stayed
within the range of 63.95%+3.66%-68.58%=+2.73% after 23-61 months of storage. The VSL VCL and VAP value
of cryopreserved sperm had no significant difference compared to fresh sperm (P>0.05). The ultrastructure of
fresh sperm showed that the sperm morphology and structure were normal, the mitochondria were arranged
regularly, with normal morphology and size. After cryopreservation, the sperm morphology and structural
damage was obvious. The damage is manifested as sperm head plasma membrane damage, cytoplasmic leak-
age, cell nuclear membrane damage, flagella fracture or shedding of the tail. The results of changes in the
activities of six enzymes and ATP contents of seminal plasma and spermatozoa before and after cryopreserva-
tion freezing of giant grouper sperm showed that after cryopreservation, three enzymes, SOD, GSH-Px and
CAT, and ATP contents in spermatozoa were significantly reduced. The enzyme activities in seminal plasma
were increased, and all the enzyme activities were significantly different except for GR and CAT. Cryopreser-
vation had a great effect on the enzyme’s activities, ultrastructure and spermatozoa energy of fish. The results
have accumulated rich data for the mechanism of frozen fish sperm damage, and provided a technical refer-
ence and evaluation index for the long-term cryopreservation of fish sperm.
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