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Effects of Diluents and Cryoprotectants on Cryopreservation of
Black Seabream (Acanthopagrus schlegeli) Sperm

Han Kyu Lim and Young Jin Chang
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Experiments were performed to obtain cryopreservation techniques of black seabream (Acan-
thopagrus schlegeli) sperm. For sperm collection, brood stock reared in recirculating seawater
system and fed with the commercial feed during experimental period.

The results indicated that following cryopreservation method in black seabream sperm could
be employed. Post-thaw survival rate of sperm revealed the highest value (80.6+1.4%) in 3%
sodium citrate as a diluent for the cryopreservation. Cryopreserved sperm diluted with 5.4%
glucose showed the highest fertilization rate to the ovulated eggs. Glycerol was a better cryop-
rotectant than dimethyl sulfoxide in sperm cryopreservation . survival rate and fertilizing capa-
city of cryopreserved sperm were decreased according to increase of glycerol concentration
and varied in ranges of 0.8~59.3% and 32.5~69.4% with 5~30% glycerol, respectively.

A few of cryopreserved spermatozoa showed the enlarged head with granulated chromatin
and ruptured plasma membrane by freezing and thawing injuries compared with unfrozen nor-
mal spermatozoa.

Key words : Black seabream, Acanthopagrus schlegeli, Sperm, Diluent, Cryoprotectant, Cryo-
preservation
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'Na;CsH;sO- * 2H,0 0.8 g+glucose 2.05 g+NaCl 0.4 g+F5F<5 100 ml
*NaCl 1.35 g+KCl 0.06 g+CaCl, 0.025 g+MgCl; 0.035 g+NaHCO; 0.002 g+5FF 100 ml
*NaCl 2.7 g+KCl 0.07 g+ CaCl; 0.12 g+MgClL 0.46 g+NaHCO; 0.05 gt+37T 100 ml
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Fig. 1. Effects of various diluents on sperm activity
index (SAI), survival rate and fertilization rate in
cryopreservation of black seabream sperm. Different
superscripts on the bars within a figure are signifi-
cantly different (P<0.01). AS : Alserver’s solution,
CON. ! control, G : glucose, MFRS . marine fish
Ringer’s solution, S ’ sucrose, SC : sodium citrate.
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Fig. 2. Effects of DMSO concentration on sperm
activity index (SAI), survival rate and fertilization
rate in cryopreservation of black seabream sperm.
Different superscripts on the bars within a figure
are significantly different (P<0.01). CON. : cont-
rol.
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Fig. 3. Effects of glycerol concentration on sperm
activity index (SAI), survival rate and fertilization
rate in cryopreservation of black seabream sperm.
Different superscripts on the bars within a figure
are significantly different (P<0.01). CON. : cont-
rol.
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Fig. 4. Structure of unfrozen spermatozoa in black
seabream. A . Sagittal section of a spermatozoon.
Note head showing compact chromatin, centriole
and flagellum. B : Cross section of head showing
distal centriole. C : Sagittal section of head showing
mitochondria. Note the 9+ 2 pattern of flagellum
(an arrow). d : distal centriole, f: flagellum, m :
mitochondrion, me . plasma membrane, n . nucleus,
p : proximal centriole. Bar=0.5 ym.
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Fig. 5. Structure of cryopreserved spermatozoa in
black seabream. A @ Sagittal section of a spermato-
zoon. Note head showing granulated chromatin and
empty mitochondrion. B ! Cross section of head con-
taining distal centriole and granulated chromatin.
Note head showing detachment of the nuclear enve-
lope. d : distal centriole, f . flagellum, m : mitocho-
ndrion, n . nucleus, ne : nuclear envelope, p ’ proxi-
mal centriole, Bar=0.5 um.
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Table 1. Effects of diluent and cryoprotectant on fertilizing capacity of cryopreserved fish sperm

Cryoprotectant Fertilization

Sperm of Diluent Reference

(%) rate (%)
Atlantic cod (M) NaCl Glycerol 36 Mounib et al., 1968
Atlantic croaker (M) NaCl(1%) DMSO (15) 57 Gwo et al., 1991
Atlantic halibut (M) NaCl Glycerol 86 Bolla et al., 1987
Black seabream (M) Glucose (5%)  Gglycerol (5) 69 Present authors
Grass puffer (M) Glucose (5.6%) DMSO (12) 47 Gwo et al., 1993
River puffer (M) MFRS DMSO (5) 79 Chang et al., 1997a
Grey mullet (M) MFRS DMSO (10) 60 Chang et al., 1997a
Rainbow trout (F) V2 DMSO (7.5) 82 Stein and Bayrle, 1978

Arctic charr (F)
Whitefish (F)

Tilapia (F) FRS
Sharptooth catfish (F) Extender 4
Carp (F) FRS

Glucose (0.3 M) Glycerol (20)
Glucose (0.3 M) Glycerol (20) 86
Methanol (5) 93
Glycerol (11) 51
DMSO (15) 69

75% Piironen, 1993

Piironen, 1987

Chao et al., 1987

Steyn and van Vuren, 1987

Kurokura et al., 1984

*Expression as percentage o the fertilization rate of control fish sperm. F ! freshwater specie;
M : marine species, FRS ! fish Ringer’s solution, MFRS ' marine fish Ringer’s solution.
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=o] gtor}, o]AELE Table 164 Hi= uls}
o] o]FHE FE o4& Vel wiiel, BE
ol ol 285 F = Y FYA A o}
gle Zez B,

AG7A oAt HEEE A AFs
BokA|eh, WEHE] sigol ol27] 7HR)9 AAHF
oA dold 4 U= AR FHewslo] Flod
WA AE A #Hot £ 4 glch wEky W
FEEY AA7E AL AA ] vlFle] Y2 ¥
AT FAES Jehlls 9028 wWel7] s,
WEHE I FA Lol = Sl Az &
A71FE sletslol el B ey WHESA
%2 AAE A2 gl 27+ 1.510.1 ymE
Atlantic croaker (Gwo and Arnold, 1992) 2|
1.5 um 3 turbot (Suquet et al., 1993)2] 1.7
pm} g Z7Io, FRME(1.6~2.2
um)$}F ¢J01(1.8~2.2 ym) (Gwo et al., 1993)
Hobs Zghel, oy g7 YERE Az
WET e HAHNA FalH 248 ddden,
o} B AE 1.740.0 ymE thd BEEo] I
th Gwo et al. (1993)2 ol2|dt Helq £-go)
223 ol N3 AR AA Q) WARZF o Foll
dojdciz }9dch, $H, Atlantic croaker
(Gwo and Arnold, 1992)dlA& A#AE Y=
BEY o FedAAZE DMSOE Aoz
o] BEH &4 Y F v Tt 2
Hu FEol 23 e Eeld &4 T
Al A7} f5 Wato] ofue} Ao 24,
WEEE, S5 o5 e JgS e
geug, o3t 2]l5el Fslod ZelYA I+
¥ ¥gvt gl

2 o

45 (Acanthopagrus schlegeli) RS 3%
HEA Aztel Ae|gd4gs) BEAANE vlsls]
Ssted, w3hoin} AFA LRl A AR AAF25.9
+1.7 cm, AF 292.8+53.7 g2 Ao]2HE| ol
ANg MER sto] AN, FEAAE HE
3 Az &4, HEE 9 doll i3 FHHE
Hrrsldch

3| Mo PYEHZEA A YEEL 3%
sodium citratedll 4] 80.6+1.4% 2 74 %9ke.
U, $AHEE 54% glucosedllA 63.414.4% 2
7ha =Stk FaAAE WERENA HEA
2o A EL 5~15% glycerole S HAAR
AHgs19l-E ™, 50.1~69.4% 2 DMSO Xt} 1}
< 13E Boch AAE AR JERES AT
A g4z THUAAE 5% glucosest 5%
glycerolo| ¢tk W3] gk AAE Ax A
gt #Hoz 37 1.540.1 ym, Z°] 1.310.1
pmew, XUk A2 YA ek HEE
AYAQD 9+2 F25 Jepdch a8y J5F
A RSN G- FHYs xRt
9] o|go] ol 1 §F o] AXx FERHUGE K
ek

A} X}

o] EF& 1996 % FHYE N2 JlE/nd
ArledTul o] Aol el 3 AFARe] o
ol d7ul 2ol disted A=Y

F2EIY

Babiak, 1., J. Glogowski, M. J. Luczynski, D.
Kucharczyk and M. Luczynski, 1995. Cry-
opreservation of the milt of the northern
pike. J. Fish Biol., 46 : 819—828.

Baynes, S. M. and A. P. Scott, 1987. Cryopre-
servation of rainbow trout spermatozoa :
the influence of sperm quality, egg quality
and extender composition on post-thaw fer-



it -

tility. Aquaculture, 66 . 53—67.

Blaxter, J. H. S., 1953. Sperm storage and cross
fertilization of spring and autumn spawning
herring. Nature, 172 1189—1190.

Blom, E., 1950. A one-minute live-dead sperm
stain by means of eosin-nigrosin. Fertil.
Steril.,, 1 : 176—177.

Bolla, S., I. Holmefjord and T. Refstie, 1987.
Cryogenic preservation of Atlantic halibut
sperm. Aquaculture, 65 . 371—374.

Chang, Y. J., 1997. Present and future studies
on the cryopreservation of fish gametes.
Suisanzoshoku, 45 : 557 —564.

Chao, N. H., H. P. Chen and L. C. Liao, 1975.
Study on cryogenic preservation of grey
mullet sperm. Aquaculture, 5 389-406.

Chao, N. H., H. P. Tsai and 1. C. Liao, 1992.
Short- and long-term cryopreservation of
sperm and sperm suspension of the grou-
per, Epinephelus malabaricus (Bloch and
Schneider). Asian Fish. Sci., 5. 103—116.

Chao, N. H.,, W. C. Chao, K. C. Liu and 1.
C. Liao, 1986. The biological properties of
black porgy, Acanthopagrus schlegeli and its
cryopreservation. Proceedings of the Natio-
nal Science Council of the Republic of
China, Part B Life Sciences, 10 : 145—149.

Chao, N. H., W. C. Chao, K. C. Liu and I
C. Liao, 1987. The properties of tilapia
sperm and its cryopreservation. J. Fish
Biol., 30 : 107—118.

Erdahl, A. W., D. A. Erdahl and E. F. Gra-
ham, 1984. Some factors affecting the pre-
servation of salmonid spermatozoa. Aqua-
culture, 43 : 341—350.

Fribourgh, J. H., 1966. The application of a di-
fferential staining method to low-tempera-
ture studies on goldfish spermatozoa. Prog.
Fish-Cult., 28 : 227~-231.

Gwo, J. C,, 1994. Cryopreservation of yellow-
fin seabream (Acanthopagrus latus) sper-
matozoa. Theriogenology, 41 : 989 —1004.

Gwo, J. C. and C. R. Arnold, 1992. Cryoprese-
rvation of Atlantic croaker spermatozoa :
Evaluation of morphological changes. J.
Exp. Zool., 264 : 444—453.

Gwo, J. C., H. Kurokura and R. Hirano, 1993.
Cryopreservation of spermatozoa from rain-
bow trout. common carp, and marine puf-

Fx

fer. Nippon Suisan Gakkaishi, 59 777 —
782.

Gwo, J. C., K. Strawn, M. T. Longnecker and
R. Connie, 1991. Cryopreservation of Atla-
ntic croaker spermatozoa. Aquaculture, 94
$355-37s.

Jamieson, B. G. M., 1991. Fish evolution and
systematics . Evidence from spermatozoa.
Cambridge University Press, New York, pp.
319.

Kurokura, H., R. Hirano, M. Tomita and M.
Iwahashi, 1984. Cryopreservation of carp
sperm. Aquaculture, 37 ! 267 —273.

Mounib, M. S., P. C. Hwang and D. R. Idler,
1968. Cryogenic preservation of Atlantic
cod (Gadus morhua) sperm. J. Fish. Res.
Bd. Canada, 25 . 2623—2632.

Ott, A.G. and H.F. Horton, 1971. Fertilization
of steelhead trout (Salmo gairdneri) egg
with cryo-preserved sperm. J. Fish. Res. Bd.
Canada, 28 : 1915—1918.

Piironen, J., 1987. Factors affecting fertiliza-
tion rate with cryopreserved sperm of whi-
tefish (Coregonus muksun Pallas) during a
spawning season. Aquaculture, 66 : 347—
357.

Piironen. J., 1993. Cryopreservation of sperm
from brown trout (Salmo trutta m. lacustris
L.) and Arctic charr (Salvelinus alpinus L).
Aquaculture, 116  275—285.

Scott, A. P. and S. M. Baynes, 1980. A review
of the biology, handling and storaged of sal-
monid spermatozoa. J. Fish Biol,, 17 : 707
—739.

Stein, H. and H. Bayrle, 1978. Cryopreserva-
tion of the sperm of some fresh-water teleo-
sts. Ann. Anim. Biochem. Biophysiol., 18 :
1073 —1074.

Steyn, G. J. and J. H. J. van Vuren, 1987. The
fertilizing capacity of cryopreserved sharp-
tooth catfish (Clarias gariepinus) sperm.
Aquaculture, 63 : 187—193.

Stoss, J. and W. Holtz, 1983. Cryopreservation
of rainbow trout (Salmo gairdneri) sperm.
V. The effect of DMSO concentration and
equilibration time on sperm survival, suc-
rose and KCI as extender components and
the osmolality of the thawing solution.
Aquaculture, 32 321—330.



HAE (Acanthopagrus schlegeli) BAY] BEEE ve 4947 FHPAAN IF

Suquet, M., G. Dorange, M. H. Omnes, Y.
Normant, A. Le Roux and C. Fauvel, 1993.
Composition of the seminal fluid and ultra-
structure of the spermatozoon of turbot
(Scophthalmus maximus). J. Fish Biol., 42 :
509—516.

Thorogood, J. and A. Blackshaw, 1992. Factors
affecting the activation, motility and cryo-
preservation of the spermatozoa of the yel-
lowfin bream, Acanthopagrus australis (Gu-
nther). Aquacult. Fish. Manag., 23 337—
344.

Yamamoto, T., 1976. Fertilizing capacity of
dog salmon spermatozoa in Ringer’s solu-
tion, with special reference to the effect of
dilution. Japan. J. Ichthyol., 23 : 88—92.

Zar, J. H., 1984. Biostatistical Analysis. Pre-

ntice-Hall Inc., Englewood Cliffs, N.J., pp.
620.

AT - 243 - AR 1997, HHHH FAE,
Acanthopagrus schlegeli AFe] Q7|BE &
3, dapAE ), 30 1 211-215.

Aoz - AER - LY - YF - 01 H S - BH
of - 1743 - ARA - HE3, 1997a. MHAAF
Azl el A 2 - ) HE FHPAE
Ay HFATFEDA, FHE, pp. 178.

A8A - AR - 3HF, 1997b. A58 (Takifugu
rubripes) A9 EHARE. WA A4, 129
- 36.

BAERE - KHET, 1991, BEREHTICX3T
ATy ADALRKE. KRESEME, 39 41—
445.

BEa%, 1984. =V ¥ BEORMRA. KERM,
32 : 148 —152.



