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2

2.1

35% V/V PG MeOH EG
DMSO Gly PM 21 6

43.93 8.17 % 40.21 3.47 % 10.37
5.79 % 29.35 1.06 % 12.78 8.94 % 65.46

3.79 %
35% PM21

P>0.05
35% PM21

35% PG MeOH DMSO
PM21

P<0.05 EG
10.37 5.78 % 16.67

16.67 % 35%
EG Gly DMSO

MeOH PG PM21 1  
 

1  400 pL 35% V/V

n=3
P<0.05 .

Fig.1  Survival and hatching  rate of Paralichthyo olivaceus 

embryos at heart beating stage injected with 400 pL 

different 35% V/V  cryoprotectants n=3

Different letters indicate significant difference P<0.05

2.2 PM21

35% PM21

600 pL 64.04 2.05 %
800 pL 26.50

2.27 % 600 pL P<0.05

600 pL  2  

2 n=3
P<0.05 .

Fig.2  Survival rate of Paralichthyo olivaceus embryos at 

heart beating stage with different injection volumes of 

cryoprotectants n=3
Different letters indicate significant difference P<0.05 .

2.3 PM21

PM21
600 pL 35% V/V  PM21
64.04 2.05 %

45.38 2.91 % P<0.05
3

3  PM21

n=3
P<0.05 .

Fig.3  Survival rate of Paralichthyo olivaceus embryos 

at different development stage with same injection 

volumes of cryoprotectants PM21 n=3
Different letters indicate significant difference P<0.05
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2.4

10 min 20 

44.24 7.88 %
37.26 2.02 %

P>0.05
16.30 3.53 % 2

P<0.05 4

 

4 n=3
P<0.05 .

Fig.4  Effect of different injection sites on survival rate of 

Paralichthyo olivaceus embryos after cooling n=3

Different letters indicate significant difference P<0.05 .
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92.64%~95.33%
68.2%~79.4% 0.5~1 h

 

 

3

13 15

Robles 15

Beirão 14

600 pL

10 18

Robles 15

Beirão 14

 Lateolabrax japonicus  
8 19  

20

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


870 15     

Janik 13

DMSO PG
PG DMSO DMSO

Beirão 14

EG 5 mol/L
MeOH 5 mol/L DMSO 5 mol/L

35% V/V  PG MeOH EG DMSO Gly PM21 
400 pL

PM21
65.46 3.79 % 82.84 10.83 %

PG MeOH Chen 10

20

2

20 

Robles 15  
Janik 13

1  .

J . .2002 26 3 213 218.

2  Wallace R A Selman K. Ultrastructural aspects of oogenesis 

and oocyte growth in fish and amphibians J . J Electron 

Microsc Technol 1990 16 175 201.

3  Zhang T T Rawson D M. Permeability of dechorionated one-cell 

and six-somite stage zebrafish  Brachydanio rerio  embryos to 

water and methanol J . Cryobiology 1998 37 1 13 21.

4  Hagedorn M Kleinhans F W Artemov D. Characterization of 

a major permeability barrier in the zebrafish embryo J  . Biol 

Reprod 1998 59 1 240 1 250.

5  Cabrita E Chereguini O Luna M et al. Effect of different 

treatments on the chorion permeability to DMSO of turbot 

embryos Scophthalamus maximus J . Aquaculture 2003

221 593 604.

6  . J .

1991 29 1 44 46.

7  .

J . 1996 26 5 7 10.

8  .

J . 2003 49 6 843 850.

9  Roles V Cabrita E Real M et al. Vitrification of turbot 

embryos preliminary assays J . Cryobiology 2003 47 30 39.

10  Chen S L Tian Y S. Cryopreservation of flounder Paralichtlys 

olivaceus  embryos by vitrification J .Theriogenology 2005

63 1 207 1 219.

11  Liu X H Zhang T T Rawson D M. The effect of partial 

removal of yolk on the chilling sensitivity of zebrafish Danio 

rerio  embryos J . Cryobiology 1999 39 236 242.

12  Liu X H Zhang T T Rawson D M. Effect of chilling rate and 

partial removal of yolk on the chilling injury in zebrafish Danio 

rerio  embryos J .Theriogenology 2001 55 1 719 1 731.

13  Janik M Kleinhans F W Hagedorn M. Overcoming a 

permeability barrier by microinjecting cryoprotectants into 

zebrafish embryos Brachydanio rerio  J .Cryobiology 2000

41 25 34.

14  Beirão J Robles V Herráez M P et al. Cryoprotectant 

microinjection toxicity and chilling sensitivity in gilthead 

seabream Sparus aurata  embryo J . Aquaculture 2006

261 897 903.

15  Robles V Cabrita E Herráez M P. Microinjection of the 

antifreeze protein type  AFP  in turbot embryos J . 

Cryobiology 2004 49 317 318.

16  . J .

2005 15 3 105 110.

17  . D .

2004 1 141.

18  . J .

2004 11 2  166 169.

19  . 

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


5  871

Cryopreservation of flounder Paralichthys olivaceus  embryos using microinjection

DING Hao1 2 TIAN Yong-sheng1 WU Peng-fei1 3 LIU Yang1 CHEN Song-lin1

1. Yellow Sea Fisheries Research Institute Chinese Academy of Fishery Sciences Qingdao 266071 China 2.Shanghai Ocean 
University Shanghai 200090 China 3.Ocean University of China Qingdao 266003 China

Abstract Cryopreservation of fish embryos requires an optimal distribution of cryoprotectants inside all 
embryo compartments. Traditional techniques for the permeation of cryoprotectants have failed to protect all 
embryo compartments especially the yolk sac which has been considered the principal point of embryo chilling 
sensitivity. In the present study microinjection was used to make cryoprotectants penetrate into the yolk sac of 
flounder Paralichthys olivaceus  embryos. Several factors relating to cryopreservation of flounder embryos with 
microinjection were investigated which were cryoprotectants stages of embryo developement injection volumes 
of cryoprotectants and injection sites. The toxicity sequence of cryoprotectants were got from high to low as 
follows Ethylene glycol EG Gly DMSO methanol MeOH 1 3-propanediol PG PM21 PG MeOH=2 1 . 
To test the effects of developmental stage of embryos and volumes of cryoprotectant injection embryos at tail bud 
and heart beating stage were injected with different volumes of cryoprotectants. After microinjecting with 600 pL 
35% PM21 to embryos survival rate of embryos at heart beating stage is 64.04 2.05 % obviously higher than 
that of embryos at tail bud stage P<0.05 . Through the choice of injection sites which are intermembranous space 
and yolk sac the results indicate that the optimal injection site is yolk sac with significant higher survival rate 
of 44.24 7.88 % compared with intermembranous space injection group P<0.05 .The results show that this 
method can provide a sufficient protection for the embryos by injecting 600 pL 35% PM21 into the yolk sac of 
flounder embryos at heart beating stage before vitrifying. With this method 68.2% 79.4% transparent embryos 
were got. Although after thaw the embryos didn t survive because of limited time and embryo quality it is still 
testified that microinjection allowed delivery of high concentrations of cryoprotectants into yolk sac without 
deleterious effects on the embryo intactness. This study explored a new possible way in fish embryos cryoproserv
ation. Journal of Fishery Sciences of China 2008 15 5 866 872
Key words Paralichthys olivaceus embryos microinjection vitrification cryoproservation
Corresponding author CHEN Song-lin. E-mail chensl@ysfri.ac.cn
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a. 50 b. 50 c.

50.

Plate 

a. Flounder embryo at heart beating stage microinjected with cryoprotectants Arrows indicate the external damage produced by 

puncture 50 b. flounder embryos at heart beating stage through normal balance after thawing 50 c. flounder embryos at 

heart beating stage through cryoprotectants microinjection after thawing 50.
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