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(Larimichthys polyactis)

%k
1 1 1 2 2 2 1
(1. 3152115 2. 310016)
(CASA) pH
(6.92+1.20)x10°/mL ,
(59.3144.85)% 8.44+0.87min  12.20+0.50min, (VSL) (VCL)
(VAP) 11.96+£5.21 25.38+7.19 22.334+6.88um/s
25—30 pH 7.5—8.5, 25 pH 8.0
0.7—0.9mol/L; 0.9mol/L | KCI1 NacCl
MgCl, CaCl, 0.4—0.5 0.4—0.6 0.7—1.0 0.2—0.3mol/L; KCl  CaCl,
, 0.25mL
, 6 4 5 5
, HBSS 1:3 , 10% DMSO 15% PG s
3.5cm Smin , (43.57£2.59)% (43.06+6.77)%
; CASA; ;
Q492; Q953; S917 doi: 10.11693/hyhz20191000198
, (Paralichthys dentatus)( , 2016) (Pagrosomus
( , 2007) major)( ,2000) (Sparus latus)(
pH , , 2008) ,
> pH
(Islam et al, 2011; , s
Ogretmen et al, 2016; ,2017) ) s S (Computer-
assisted sperm analysis, CASA) (

(Larimichthys crocea)( , 2005) )
(Nibea albiflora)( , 2010) ,
(Csiaenopso  cellatus)( , 2009) (Kime et al, 2001; , 2006; , 2007
(Boleophthalmus pectinirostris)( , 1997) Kowalski et al, 2019)
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(Cabrita et al, 2010) ,

( , 2013) (

, 2011) (Sparus macrocephalus)( ,
2009) (Scophthalmus maximus)(Chereguini et
al, 2003) (Mugil cephalus)(Balamurugan et al,
2017) (Gadus macrocephalus)(Wang et al,
2016) (Epinephelus bruneus)(Lim et al, 2013)

(Larimichthys polyactis)
, (Sepia
maindroni) (Trichiurus japonicus) «“
( , 2009) ,
( , 2004;

, 2006; Liu et al, 2017), ,

, ( , 1981; Lim et al, 20
10) ( , 1980; Kang et al, 2013)

(Le et al, 2011b) (Le et al,
2011a) ( ,2014; ,
2016)

pH

1.1

, 13.7+1.13cm,
1.2
1.2.1

35.38+7.82¢

4°C ,
1.2.2 HBSS

1 : 1000 , (

16x25 | 0.lmm’) |,

(n=3) 3,
1.2.3 0.5uL ,
500uL ,
(CASA) 20s (percentage of
motile, MOT, )

(straight line velocity, VSL)
(curvilinear velocity, VCL)
(average path velocity, VAP) (amplitude of
lateral head displacement, ALH)

cross frequency, BCF)

(beating

(mean angular

displacement, MAD) ( 3, =
200), (moving time, MT)
(life span, LS)( 90%
, 90% )
1.2.4

( 27, pH 8.1) ,

5 10 15 20 25 30 35 40 ,
( ,
, )
1.2.5 pH
( 27, pH 8.1) Imol/L  HCl NaOH,

pH 50 60 70 7.5 80 85 9.0 10.0
11.0 ,
1.2.6

, 0.1 02 03

04 05 06 0.7 08 09 1.0mol/L ,
1.2.7 KClI NaCl MgCl, CaCl,

NaCl KCI MgCl,
CaCly, 0.1 02 0.3 04 0.5

0.6 0.7 08 09 1.0mol/L ,

1.2.8
(2009) (
19.29¢ NaCl 4.24g MgSO,
0.51gKCl 0.12g NaHCO»),
Na,SO; NaCl ASW
NaHCOs, Ca™

1000mL
0.84g CaCl,
MgCl,
CaCl, MgSO,

Mg** HCO;

1.2.9
MFRS ASP Hank’s MPRS HBSS Cortland
( 1), 1:3,
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Tab.1 Composition of extender for cryopreservation of L. polyactis sperm
NaCl(g/L) KCl CaCl CaCl,-2H,0 NaHCO; MgSO,7H,0  MgCl,
MFRS 13.5 0.6 0.35 — 0.03 — 0.02
ASP 9.92 0.77 0.13 — — — 0.05
Hank’s 8.01 0.4 0.14 — 0.35 0.1 —
MPRS 3.35 0.39 — 0.166 0.252 — —
HBSS 8 0.4 — 0.16 0.35 — —
Cortland 7.25 0.38 0.18 — 1 0.23 —
MgCl,-6H,0O KH,PO, Na,HPO,-7H,0 NaH,PO, NaH,PO,-2H,0 pH
MFRS — — — — — — 7.7
ASP — — — — — 0.01 7.6
Hank’s 0.1 0.06 0.09 — — 10 6.8
MPRS 0.299 — — 0.216 — 10 6.68
HBSS — 0.06 0.12 — — 1 7.2
Cortland — — — — 0.41 1 7.0
10% (dimethyl sulfoxide, DMSO)( , 2
) , 0.25mL s
3.5cm 5min 2.1
12h 40°C . s (6.92+1.20)x
1.2.10
HBSS , 1:3, 5% 22
10% 15% 20% DMSO (ethylene glycol, B
EG) (propyleneglycol, PG) (glycerol, Gly) 2(n=10), ’
, 0.25mL s
3.5cm S5min , Fz2 PMEGBHBEFHEHSHM®=10)
Tab.2 The parameters of sperm movement of L. polyactis
12h , 40°C 6s (n=10)
1.2.11
HBSS s 1:1,1:3,1:5,1:7,1:9 MOT(%) 59.31+4.85
R 10% DMSO , 0.25mL MT(min) 8.44+0.87
) 3.5cm LS(min) 12.20£0.50
5min . 12h . 40°C VSL(um/s) 11.96+5.21
65 VCL(um/s) 25.38+7.19
1.2.12 VAP(um/s) 22.334+6.88
ALH(pm) 3.88+0.13
HBSS , 1:3, 10% DMSO
BCF( /s) 12.02+2.38
> 0.25mL > MAD(°/s) 18.56+3.95
2 355 75 10cm Smin , 12h
,40°C 6s 2.3
1.3 16°C pH 8.1,
Excel SPSS19.0 ( ) 1 10—40
, Excel R (One-Way R 25—30 R
ANOVA) (SPSS19.0) 45%, 25 R
+ (Mean%SD) (53.43+5.08)% 8.17£0.41min
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Fig.1 Effects of salinity on the motility of L. polyactis sperm

D , P<0.05; ** , P<0.01;
( 27.pHS.D) , n=3,
11.37+0.86min,
5
24 pH
16°C 217, pH
2 pH 5.0—11.0
, pH 7.5—8.5 ,
50%, pHB&.0 ,

(59.1248.62)% 8.32+0.33min

11.64+0.74min,
m— EEAE = EEH — TEIEK
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4.

ol 110
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Fig.2 Effects of pH value on the motility of L. polyactis sperm

2.5
16°C,
3 0.3—1.0mol/L ,
, 0.7—0.9mol/L s
s 0.8mol/L ,
(56.65£5.01)% 8.51+

0.46min 12.19+ 0.67min 0.1 0.2mol/L

01 02 0.3 04 05 06 0.7 08 0.9 1.0 WA
aarE

3

Fig.3 Effects of glucose solutions on the motility of L.
polyactis sperm

>

2.6 KClI NaCl MgCl, CacCl,
16°C, KCl NaCl MgCl,
CaCl, 3 4 5
0.1—0.9mol/L.  KCl1 , 0.4
0.5mol/L KCl ,
45%), ;  0.1mol/L KCI ,
0.2—1.0mol/L.  NaCl
s 0.4—0.6mol/L NaCl s
, 0.5mol/L NaCl ,
(53.80+12.17)% 7.79+
1.45min 10.77+0.88min, ;
0.1mol/L NacCl ,
0.3—1.0mol/L MgCl, ,
0.7—1.0mol/L MgCl, s 40%,
0.9mol/L MgCl, ,
(58.39£1.83)% 8.04+0.32min  11.71£0.54min,
;  0.1—0.2mol/L MgCl, ,
0.1—0.8mol/L CaCl,
s 0.2—0.3mol/L CaCl, S
; 0.9—1.0mol/L CaCl,
2.7
16°C,
6



(Larimichthys polyactis)

197

%3 KCI. NaCl. MgCl,. CaCl, &k /& & EF TR

Tab.3 Effects of KCl, NaCl, MgCl,, CaCl, solutions on the percentage of L. polyactis sperm motile

(mol/L)
KC1 NaCl MgCl, CaCl,
0.1 0** 0** 0** 19.014£2.47%**
0.2 25.80+2.28%** 31.41+6.75%* 0** 43.08+5.01%**
0.3 40.88+£5.92%* 38.03+£0.31** 28.64+4.74** 42.55+3.44%*
0.4 45.32+7.88%* 46.73+8.05* 28.93+4.42%* 37.57+£5.38%*
0.5 45.80+£7.28** 53.80+12.17 31.47+£3.72%* 38.16+0.32**
0.6 39.46+9.43%* 47.69+7.57* 38.93+1.88** 33.36+2.65%*
0.7 41.04£0.71%** 41.04+0.71%* 41.04+£2.17** 28.71+£7.50**
0.8 22.5245.97** 39.1047.48%* 43.45+1.77** 18.84+3.65**
0.9 21.2945.65** 30.04£5.30** 58.39£1.83 0**
1.0 15.14£7.95%* 27.47+6.07** 47.26+4.50%** O**
60.70+3.34 63.31+4.04 62.89+3.52 62.89+3.52
, P<0.05; ** , P<0.01; ( 27,pHS.D) ,n=3
& 4 KCI. NaCl. MgCl,. CaCl, j&i&xt/\# & ¥5 F i 57 AT 18] 19 52 M
Tab.4 Effects of KCIl, NaCl, MgCl,, CaCl, solutions on the moving time of L. polyactis sperm
(mol/L)
KCl NaCl MgCl, CaCl,
0.1 0** 0** 0** 1.27+0.18%*
0.2 1.80+0.18%* 3.26+1.27%* 0** 6.35+0.45%*
03 3.78+0.62%* 5.02+0.52%%* 1.43+£0.29%* 7.10£0.75%*
0.4 7.80+0.86 7.124+1.40 2.5140.06%* 7.49+0.27*
0.5 6.67+0.79** 7.79+1.45 3.50+0.24%** 6.65+0.37%*
0.6 5.69+0.77** 7.57+£0.79 4.98+0.26** 5.08+0.39%*
0.7 3.34+0.59%* 6.38+0.07* 5.90+0.29%* 2.44+0.78%*
0.8 2.00+0.29%* 5.65+1.24%* 6.61+0.53%* 0.80+0.09%*
0.9 1.69+0.33%* 2.51+1.86%* 8.04+0.32 0**
1.0 0.94+0.39** 1.32+0.73** 7.75+£0.53* 0**
8.38+0.58 8.51+0.74 8.38+0.58 8.35+0.58
%5 KCI. NaCl. MgCl,. CaCl, B3/ \EBIEFH S
Tab.5 Effects of KCl, NaCl, MgCl,, CaCl, solutions on the life span of L. polyactis sperm
(mol/L)
KCl NaCl MgCl, CaCl,
0.1 0** 0** 0** 2.5940.37%*
0.2 3.76+0.13%* 4.83+1.32%* 0** 9.32+0.61%*
0.3 6.24+0.70%* 7.39+0.96%* 2.70+0.08** 9.32+1.19%*
0.4 10.73+0.64** 10.03£1.37* 3.88+0.36%* 9.59+1.13%%*
0.5 9.86+0.36%* 10.77+0.88 5.88+0.48%* 8.02+0.33**
0.6 8.90+0.50** 10.15+0.70 6.92+0.79** 7.56+0.50%*
0.7 5.58+0.81%* 9.73+0.59* 7.95+0.25%* 5.21+0.64%*
0.8 2.87+0.57** 8.62+0.83** 10.27+0.46%* 1.05+0.11%**
0.9 2.73+£0.35%* 4.42+42 33%* 11.71+0.54 0**
1.0 1.88+0.78%* 2.09+1.04%* 11.63+0.73 0**
12.27+0.32 11.99+0.47 12.27+0.32 12.27+0.32




198 51
Fzo AEBANNEGBHBEFIANEZN
Tab.6 Effects of different seawater on the motility of L. polyactis sperm
(mg/L) (%) (min) (min)
ASW 49.82+1.19° 7.23+0.41% 10.33+0.95"
Ca*" free ASW 52.08+1.52° 7.98+0.69 11.05+£1.25%
Mg*" free ASW 48.02+6.05° 6.5420.45° 9.96+0.55°
HCO; free ASW 53.57+1.72° 8.09+0.77% 11.56+0.30%
60.70+3.34° 8.51+0.74° 11.99+0.47°
2.8 , , 1:3
MFRS 6 , 10% DMSO 1:5 ,
, , HBSS (43.59+£1.59)% (42.83£3.72)%, 1:7, 1:1
, (41.38+ 1:9
5.03)%, MFRS, (39.56+6.08)%, (57.55+2.44)%, ( 6
ASP Hank’s Cortland MPRS
701 5%
(59.93+3.41)%, ol 2 5 10%
(4 w 15% b
_9%0p = 20%
70 = 40t bc
a ﬁél' ul
60+ & 50l H
A H
50 b 20t H
b
& i 1 &
< 40 bc  bc c be 10} i
" 30 N M
1 0 arE EG GLY PG
20 FURRI
10 5
Fig.5 Effects of different cryoprotectants on cryopreservation

#4% MFRS ASP Hank's MPRS HBSS Cortland
mRR

4

Fig.4 Effects of different extenders on cryopreservation of L.
polyactis sperm

2.9
HBSS ,
5 10% DMSO  15%PG
, (43.57+
2.59)% (43.06£6.77)%, 5% 10% EG, 5% 15% 20%
DMSO 10% 15% 20% PG ,
Gly , 10%
DMSO  15% PG (59.27+
1.38)%, ( 3)
2.10
HBSS , 10% DMSO ,

of L. polyactis sperm
70¢

e

e 11 1.3 1.5 1.7 1.9
B (V: V)

6
Fig 6 Effects of milt/diluent ratios on cryopreservation of L.
polyactis sperm
2.11
HBSS , 10% DMSO ,

Smin >
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, 3.5cm Smin (Butts et al, 2010), (Gallego et al, 2013)
. (45.67+0.95)%, 2cm, 5 ﬁE(Gallego et al, 2013) R
7.5 10cm (Siddique et al, 2016) ,
(57.70+2.72)%, (7
70 _ b b
a (Butts et al,
60F T
2010), ,
50 bc b
= [ = cd ’
s 40t I de
v z e VCL VAP (Rurangwa et al, 2004)
@ sor 7, (Cejko et al, 2015) (Siddique
207 et al, 2016) (Siddique et al, 2016)
101 (Butts et al, 2010) VCL
: : - : : R VCL VAP 7,
B 2cm 3.5cm 5cm 7.5cm  10cm
FESE > VCL
; VAP , VSL ,
Fig 7 Effects of the height above surface of liquid nitrogen on
cryopreservation of L. polyactis sperm 3.2
3 )
3 ( . 2000) : (
’ , 2009) ( , 2010) (
7, , 2005) 2035
T 2535 19.61—24.87, ( :
30pm/s, i ( ; 25—30
2014) 80um/s, (Cejko et ( , 2010) (C.
al, 2015) , 250pm/s ocellatus)( , 2009) ,
. VSL VCL VAP 27—32,
11.96+5.21 25.38+7.19  22.33+6.88um/s,
x71 HHBEBTENFELR
Tab.7 Comparison in kinetic characteristics of sperm in some fish species
(nm/s) (um/s) (nm/s)
Cyprinus carpio 201.0+£9.3 267.0£26.5 246.8+17.4 Cejko et al, 2015
Leuciscus idus 22.49+1.17 31.83+1.32 26.89+1.44 Siddique et al, 2016
Acipenser baeri 86.8+9.3 119.9£19.1 102.4+12.0 Sieczynski et al, 2015
Acipenser sinensis 22.85+3.16" 74.22+10.29° 31.71+6.45% , 2007
Acipenser schrencku 45.02+6.72°% 100.16+13.75% 56.66+5.45° , 2007
Gadus morhua 116.9£5.6 128.246.5 124.9+6.1 Butts et al, 2010
Anguilla anguilla 87.03+5.77 162.88+7.28 110.58+6.33 Gallego et al, 2013
fif Centropristis striata 88.3+0.3° 76.2+0.5 86.7+0.7° ,2014
L. polyactis 11.96+5.21 25.38+7.19 22.334+6.88
pH , ( , 1999;
pH 7.3—8.5 , Kowalski et al, 2019) , ( ,
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2005) pH 7.5—38.0, pH ;
7.5 ; ( ( 48%—
, 2010) pH 7.5—8.5, 53% ),
pH 8.0 ; , ( , (2016)
2000) (S. latus)( , 2008)
(Dicentrarchus labrax)(Ogretmen et al, 2016) , 939mosm/kg,
, Ca Mg"™  HCO;
pH 7.5—8.5,pH 8.0 1029—1131mosm/kg ,
s (59.12+
8.62)% 8.3240.33min  11.6440.74min, ,
pH (8.0 ) 33
, (Lota (
lota)( , 2015) ( , 2017) ) ( ,
(Acipenser sinensis)( , 2007) 2017) 8
(Procypris mterus)( , 2011)
, ; (0.25 0.5mL) (2 SmL)
( , 2009) ( ,
,2010) ( , 2005) ,
: ( , 2016) ( 8
0.7—0.9mol/L s 0.8mol/L (Liu et al, 2015; Nomura et al, 2018)
, (56.65+£5.01)% )
8.51+0.46min 12.19£0.67min, 0.25ml ,
K Na® Ca2t Mg2+ ’
, (Alavi et al, 2006;
Figueroa et al, 2016), Fabbrocini  (2000) Gwo  (1991)
(Alavi et al, 2006), 1% NaCl , 16 1:9
, ( , ;
2010) K Na" Cca** Mg” Chereguini  (2003)  Mounib’s , 112
0.3 0.15 0.1 0.3mol/L, ( ,
, 2009) K" Na" Ca®* ; Degraaf  (2004) Mounib’s ,
0.6mol/L, ( , 2005) 1:3 fig
K" Na' 0.5 0.3mol/L, , HBSS Hank’s
K" Na" Ca* Ranger Cortland
Mg** 04 0.5 02 0.9mol/L,
( 9 , 10% DMSO ,

HBSS 1:3 1:5 ,
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( , 1992;
Kowalski et al,2019) DMSO Gly EG PG
, DMSO
( ,2000),

C 3
5%—20% ( 8)
10% DMSO  15% PG ,
(43.5742.59)% (43.06+ 6.77)%,

(57.70£2.72)% R 10% DMSO
15% PG
b 8 2
s 10—20°C/min;
fifi (40°C/min)
3—5cm 3—5S5min
3.5cm =76°C (Lim et al, 2013),
Smin, 15.2°C/min
3.5cm
Smin s 15°C/min
4
25—30, pH 7.5—8.5,
KCl CaCl, s
HBSS 1:3 R 10% DMSO
15% PG R 3.5cm Smin
s , , 2015.
. ,43(10): 144—146
> s , 2016. pH
40(3): 40—46
s N , 17.

. , 25(4): 639—649
, , 1999,

,3(4): 271—278
, , , 2009.
DNA SCGE ,30(2): 151—157
, , , 2005.
. ,24(12): 4—6
, , , 2006.

(Pagrosomus major)
, 16(9): 1181—1185

, , , 2007.
, 31(6):
849854
, , , 2010.
) ,29(4): 339—344
, , , 2000.
,20(3): 468—473
, , , 2000.
) ,24(4): 12—15
, , , 2009.
, 16(3):
348—356
, 1980.
,26(4): 337—345
, 1981.
,5(2): 161—169
, , ,2011. K" Ca®*
,30(4): 202—205
, , , 2016.
) , 24(4): 584—592
, , ,2017.Na" K*
. , 48(4): 734—738
, , ,1992.
,38(4): 413—424
, , , 2016.
) ,(1): 42—43
, , , 2004.
) , 11(4): 333—338
, , , 2007.
) , 14(6): 1048—1054
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PHYSIOLOGICAL CHARACTERISTICS AND CRYOPRESERVATION EFFECT OF
LARIMICHTHYS POLYACTIS SPERM

ZHENG Xue-Bin', DU Chen', WANG Jing-Qian', ZHAN Wei®>, XIE Qing-Ping?, LOU Bao?,
ZHU Jun-Quan'

(1. Key Laboratory of Applied Marine Biotechnology Ministry of Education, Ningbo University, Ningbo 315211, China,
2. Zhejiang Academy of Agricultural Sciences, Hangzhou 310016, China)

Abstract To study the physiological characteristics and understand the cryopreservation effect on sperm motility of
cultivated Larimichthys polyactis, we determined the kinetic parameters of L. polyactis sperm using a computer-assisted
sperm analysis (CASA) system and the effects of several environmental factors (salinity, pH, glucose, ions, etc.) on
motility of sperm. Moreover, we established the optimal protocol (including extenders, cryoprotectants, milt/diluent ratios,
cooling rate, etc.) for the sperm cryopreservation. The results show that the mean density of sperm was
(6.92+1.20)x10°/mL. When sperm was activated by filtered seawater, the percentage of motile (MOT), moving time (MT),
and life span (LS) of sperm were (59.31£4.85)%, 8.44+0.87min, and 12.20+0.50min, respectively; and the straight line
velocity (VSL), curvilinear velocity (VCL), and average path velocity (VAP) of sperm were 11.96+5.21, 25.38+7.19, and
22.33+6.88um/s, respectively. The suitable salinity for sperm activation was 25—30; the suitable pH was 7.5—8.5, and the
highest motility were obtained at salinity 25 or pH 8.0. In addition, a better motility was detected when sperm was
activated in glucose solutions at the concentration of 0.7—0.9mol/L, and the highest motility was obtained at 0.9mol/L.
What’s more, a better motility was also detected when sperm was activated in solutions containing 0.4—0.5mol/L
potassium chloride, 0.4—0.6mol/L sodium chloride, 0.7—1.0mol/L magnesium chloride or 0.2—0.3mol/L calcium
chloride. The motility of sperm activated in potassium chloride or calcium chloride solutions was significantly lower than
the control group (sperm was activated in filtered seawater). Besides, the MOT of sperm that obtained in control group was
significantly higher than groups of various artificial seawater, but it showed no significant difference in different types of
artificial seawater. For cryopreservation, 0.25mL straw was used; 6 types of extenders, 4 types of cryoprotectants in
different concentrations, 5 ratios (milt to diluent), and 5 cooling rates (realized by adjusting the height above the surface of
liquid nitrogen) were tested. The results show that the semen diluted by HBSS solution with 10% DMSO or 15% PG at a

ratio of 1 © 3 and suspended 3.5cm above the surface of liquid nitrogen for 5 min produced better results; and the MOT of

post-thaw sperm was (43.57+2.59)% or (43.06+6.77)%, respectively.

Key words Larimichthys polyactis; CASA;  physiological characteristics; sperm cryopreservation



