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WOE R 1~2 PERG B N, (5 s
LA RIRL . IR JIG AR 2 /D 2 h e MR B L
AN 16 C B I 38 K o BRI, B VR IR JiG 70 i S8R K
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2.1 B—BEMURTI T SRR B R0

7 P IE I B E PR N A I i 1 5
PEZ MmN E 1 PR . TEPURFER 53408 20% BT,
2 PG 1 MeOH V-1 A [F] B 8] J5 IR B 1 i %6 5 %
MIEEZEZR. 20% 1 EG.EtOH A Gly & # )5,
b A5 T 17 B T () i IR iR B RS 2R B3 T [, EG
S ) W G R 2 T I B o IR, 2 S 4 IR R
30 minf HEJA I RE R P2 0.27£0.46) % - HL
AT, 78 S50 i JLRR 2 3% M 5L 20% 09 EG %Y
FerRFMM R EER K. 20% M PG \MeOH.
DMSO-EG-DMF.EtOH 1 Gly 43 40 min & & %f
B JE B R 2R 40 ) s (90.00 £1.57) %~ (84.40
+10.55 %~ (46.77+6.900 % (56.87 +7.11) %-
(11.80£8.14> % (5.23+£2.90) % , HI ML HEHT, 20 %
() - Tl LR 10 24 66 2 28 BV G i 3544 B K 31/ Mk
X4 EG-EtOH.Gly-DMF .DMSO.MeOH.PG.

10 min
Bl 20 min
[ 30 min

B 40 min

Gly Control

FUE ] Cryprotectants
1 FEERFHMEAGTE 20% KA F R —FEA P RIBIEE i =3)
L FBARRTAENFREEESR (P<0.05).
Fig.1 Survival rate of flounder embryos at tail-bud stage treated with different permeable

cryprotectants in 20% <V /V) concentration (n=3)

Note: Different letters donate significant differences between groups.

B2 BoR T 7 Fsi@ i it F 6800 8k H I
faEEHEAEA . 7E 20% 9 & M LR FI T PG # DMF
Xof o B0 Bk T IR B 0 B M K EG R ExOH f 3 1%
B e s B S B TR A AE K, 22 20% ) MeOH T4

(TR i R 28 R R J2 35 20 % 9 PG~ MeOH-
DMSO-EG-DMF-EtOH 1 Gly 4t #E 40 min 50 Bk
A6 1 B 2R 40 0 A (97.23+4.79) % (59.63 +
6.8D % (13.60 +4.73) %0~ (96.00 +2.62) % +0-
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(1.63+2.83) % » HULHEWT 20 9% HY 25 Pl T R 570060 2
o Bk ST P Ay £ B 1 R K BN RO EG EtOH

Gly ) DMSO\ MeOH A DMF\ PG'o

aaaa aa a, a a
o 100 f e b R -
N R ] roms
B 3:\\~.§ 3: N 20 min
& 60- :;Q;; 3:
e § :j E 30 min
40t NE :—
"I § - -l 5 b H 40 min
EREN ;:ged N g N
=2 UNE INE NE ANEE PN PN [ |
PG McOH DMSO EG DMF EtOH Gly Control
Pi#s 7 Cryoprotectants
2 FERLOEHAREAGTE 20 % H AN [F) B —H R 770 o P48 A [R) B TA) B B G 32 (= 3)
L FBARRTAENFREEESR (P<0.05).
Fig.2 Survival rate of flounder embryos at heart beating stage treated with different perme-

able cryprotectants in 20% <V /V) concentration (n =3)
Note: Different letters donate significant differences between groups.

2 AR S MeOH #1 PG “F-# 30 min /5 1
£ 2 25 HAVE 6 1 1 2 35 BB A5 0 R 71103k P T 3 KT
FA, H MeOH ~F 4 (1 VR Jif 7 i 28 B AR e, 430
GRAFMARR 53 H0k 2 40 % B, MeOH T~ 1 1) HE iR 4 55

0.75) % ; PG V-1 Ja IR i B 1803 2 v T A1 /) ok SR 1Y
S V-1 ) R B B 35 %5 PG AT MeOH -7 )5
FU ey R R A PR AR I A AR AR KA
35% 23 % » ML T T Ja B AR AR AT R L AR IR

BT, PG V4 B iR BvE R A PR 2 (0.43 £ BHEEEREZEZER (P<0.05), 1A 3.

100 - . a
- a
: b
g ool I
E i EIMeOH
[
=
S ol | BprG
7
M40k |
=
Ning
< 20F |
= c
A
. L - . . C
0 - 1 - 1 s 1 1 A 1 - L 1 - 1 1 h |
Control  20% 23% 25% 27% 30% 33% 35% 37% 40%

P RF 5040 Concentration of cryoprotectant
3 TR FHIEIGTEA FIRE MeOH FI PG FF45 30 min MIBEER (r =3)
L FBARRTAENFREEESR (P<0.05).
Fig.3 Survival rate of flounder embryos at tail-bud stage treated with MeOH and PG in different concen-

trations for 30 min(n =3

Note: Different letters donate significant differences between groups.

X B 2 IR ) BT R W R K SRR IR
B2 50 g /L B ARG R R R PR K 2 (69.80 +
16.91 % » = i B IR I IN & 100 g /L IR A6 A%

2.2 FEEEMPURTIX T ET RS B SR
AR5 B TR A FF AN [R] R P P 46 26 B 0 7 6 2
ZFHIIE AR B RS R R B W (P<0.05), PVP
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HIEE (22.40£3.900 % (& 405 fEIX JLM AEZIE M
LA PVP X2 6F 22 25 R A 00 3 1 e i, LR

2 aaagab
100 /= e

«©
(=]

N
=

S
(=]

(=]
(=]

BB HGE R /%  Survival rate

control 0 10

R PEREAN D RUE , SR A 0 A A5

O pvp
Sucrose
B Glucose
B D-fructose

[ Dex

-

50
B IR/ (geL”")  Conentration of cryoprotectants

4 I OTEEFEIE R TE A FIR B AR B LA R A 30 min FIRTEE (1 =3)
L FBARRTAENFREEESR (P<0.05).
Fig.4 Survival rate of flounder embryos at tail-bud stage treated with different non-permeable cryoprotectants

in different concentrations for 30 min (» =3)

Note: Different letters donate significant differences between groups.

2.3 3IMEEMEIETIE S L3S ZF ST RERE #Y 2
1)

ERRE—EREL T, 3 MiREPUEA D &
TR 70 1 EL A8 AN )0 W i 1 2 1 K /N AN [R] (
5. L PG5 MeOH &R LL 3:2 EL il PM ¥
Pl BS2 4 HE AR, PM AT DMSO % A [A] 4 A1 L VR &
RCRARFT $0 A 30% MR & LA R (PMD) - P4

S 67 2 ZF IR G 40 min F1 50 min FF, % HoA9) 2 (8] 77
fERENEZR (P<0.05), = PM 5 DMSO ARt
O 31 I R A R 2R B T AR R R G
HIRE 2 (P<0.05)  FE B AR B — MO0 T
PM 5 DMSO L 3:1 B, Y8 & HTIR XS 7 BT
J2F SR AR R B P A

25
i
E
= 20
§ O 50 min 40 min
@ 15F )
s o b
§ 10f
i b b
: 1 L§
g0 b
= c
0 @ 1 _ el 1 - 1 1 J
1:0 401 3. 201 1:1 1:2

PMDMSOMARILE PM/DMSO (V/V)

5 FEPRF MG A F AR G PR R P E A R R ROEE (1 =3)
L FBARRTAENFREEESR P<0.05).
Fig.5 Survival rate of flounder embryos at tail-bud stage treated with cryoprotectants combined
with PM(Vps: Vieon=3:2) and DMSO (2 =3)

Note: Different letters donate significant differences between groups.
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FEAN R B I 3, 28 B R i X 3538 A WA i 52
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(PG 5 MeOH #F#LL 3:2 IR &, 55 DMSO # 1%
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FALL 3:1 A V-1 S0 min &5 B IR, -0 Bk 39 DL AT
FI R RE T R, AR EREELES (P>
0.05) , LoBk I LLJE IR 6 0 4b R TR PG, B 5 oA
I HAZ R B2 (P <0.05), J& 5 BA A0 B B A Bt 0%
b2 B, 43 28 (96.03 £ 1.11) % £ (93.20 +
7.34) %;30% PMD 45 50 min & 1% B B G 5%
LK T 25% PMD, I iG iR fh 2 B s L
25% PMD T4 B I i 00 40 2% 28 10 A AL, o0 85 39T R

[25%PMD

G0 0 2 B =, 0 (97.90 £ 0.500 % - & i 25%

PMD #130% PMD V-4 50 min I} 6 55 (64T 1)
Wy 2 R 3576 W A R iR R 7 I A PR HE S T 32 7 T v 1
Fadh, BB LLE & MR G Z [ = R B2 (P
<0.05>,25% PMD #130% PMD -~ 5 i) H 5 #1
WA W5 4k B AT £ L 4 B W, B B 5 5 ok
100% 1 ©99.60+0.80> % (Kl 7.

30% PMD

g 100 a dabc  aghe A ab 4 2
g . - - R
2 sof :i:'\\\
E N
T 60} :;:-\\%\
2 :i:'\
o Aot R
ﬁi ?:3.\\\
g 20 f \&\ C
< : g : N = - e
2 o B8 NN I . A NN PN LN N L NPT
AR B RS 3—Ax 13—1s REH LR BTN Bt
Cells Blastula Middle of [ A1453#A ALY Tail-bud Heart Prc- Hatching
Gastrula Closure of 3—4 13—15 beating  hatching
blastoporc Somitcs  Somites
MIGAE W  Stage of cmbryos
Be6 TFEEMT IR 25%F 30% # PMD H T4 50 min FIFELE =4
T FRARRRERNAREELER (P<0.05.
Fig.6 Survival rate of flounder embryos at different stages treated with 25% or 30% PMD (Vpg: Vivon
=3:2, VPMvDNm:31) for 501]’]11’1(7124)
Note: Different letters donate significant differences between groups.
100 .
[ 50, BN
E\jg col O 25% PMD :-f\
S E 2N
=2 6ot B 30% PMD jf%
gL 4L c o \
g N
S8 < N
== 20 d ! \
= e :
() ° d 1 ; d 1 ° d 1 ¢ d 1 f | d 1 ; d 1 I_I-I-I d 1 - 1 s 1 : ' & J
e RN RBTBRALE A 3—4  13—15  FEIFM Db ERTH R
Cells  Blastula Middle of Closure of HJfLF7 8 X/ HL¥W] Tail-bud  Heart Pre-  Hatching
gastrula blastopore  3—4 13—15 beating  hatching
Somites  Somites
FERG R T RTAT Stage of embryos
B7 TFEERTEETE 25% 1 30% # PMD F P4 50 min & LT ERREE (i =4

T RAFE RN EE B EER (°<0.05).
Fig.7 Abnormality rate of flounder fry hatched from embryos treated with 25% or 30% PMD (Vpg: Vimeon

=3:2, VPM: VDMS):31) for 50 min (71 :4)

Note: Different letters donate significant differences between groups.
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30 min AR FEE B A K, 8 (16,79 £1.61) s
RHRMPN 13 CTHERE - 196 CEHIFREE R
746.87 C /min, “F4 50 min 1M fif B2 I 8] B 5,
H(15.09 £1.35) s, PR IER N 831.01 T/
min, &85 B (8] 2 2 TR 8 R B (8] 35 BH 2 22 01, A
PRI AR R R (6.22 £0.72) s+ (6.38 £ 0.88) s.
6.3110.22) s, A H PR — 196 THEZE 16 T
I 5 A H 2 045.02 C /mins TIEJRIE T %
TR URE AU IV 1] 357 B A IR B I 6, A8 R iF R 5 B A
G, HEREE (P<0.05), JCHE G I 1% 5
o AR RN AR R B 1ED 43 590 4 (13.83£1.86) s+ (7.20
0.90) s, BB A1 AR IE 2 25 4 906.72 C /min A
1766.67 C /min-

20 a [130 min

18 F | b

b B 40 min

16 | .

14k o 50 min
° —
= L — . .
£ 12 — B 4 i i Without cmbryos
> 10 — d
= 8t —— e ¢
= —
2 .l ——

4t — e

7L — :Z:Z:Z\

: = SN

[% ik Freczing fi# ¥ Thawing

8 IRFAL UKL A R L A2 G R R A G REAG T ¥ i
STUASE PRIl R A R IS 1] Gz = 24D
T FRAFRRRAAEEELER (P<0.05.

Fig.8 Freezing and thawing time of droplets with and
without embryos during vitrified droplets cryp-
reservation (n =24)

Note: Different letters donate significant differences between

groups.
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2.94% ;DB HIRE AR 72 FLR TS 1K, G2 1.39% 3
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3 it
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LR IR 7 R O R I I 58

ANTRIAH S AN R B2 B 70 4K 7110 e AN [R] B A= 400 4
kL # AR 61 Cabrita®) 2 BF 57 T K 35 67
(Scophthalmus mazximus L. WG 335 3% 1% 51U 7
DMSO-MeOH 1 EG P K ARZE ST 5] PVP. B
HEFD X-1000 HII 32 68 77, RIAE 3 Tz iE STk
WREEAR R B O T , KZ28T R 27 IR JIG % DMSO H
iy 2 86 715 T MeOH 1 EG, JE2 E B I A
A 20% B9 B0 0 2 2F WM G 1 0 Ak B T B
Dinnyés 21915 1 B} DMSO 1 Gly %} J& Ji v i 2
JENG AL R 5 min J5, WA B BRIEEEAE T, ZEAL BT h
PLIE , MeOH % 5% A8 W 0 J5 fizg v 9 1 iR B 25 17
. ASEEAE MR N A A F S @ M HUERA], X F
6 72, 25 WA I~ b 2 1) 45 R B, 7E R AR 42 B0
20% I, PG #11 MeOH X F2 27 IR i 1) 2 1L e 11K, H
FEIZ PR ER 771 P8 24 S0 P s 5o 80 S0 A I 06 T
52 5 RN 1) A AT 5 3L R e 6k S ) i 9
BEE fify X 35 B8 A0 T 52 RE 0 B9 BF AR L. EG A1
Gly *fJ& 2 B IR i 25 1% & &, 72 EG P4 30 min
JE TG B BE 2 BN R (0.27 £0.460 % - ARBEME
TUAA T G PVP A ik B 2 e i 2F 6 2 2 I IR
I P9 B3GR PR AL, S S v % o A o 2 2
ER)Y ekl ATESCEERTE S A TR

AN TR] Bk 39 £ JH s S0 370 425 71 F4D i 52 7 ) AN [
7K BE & X 85 (Lareolabrax japonicus) 20)] X 2
5 TR i 0 RS P4 VR A7 O BIF 9 25 B0« B 4 28 R S
BT 52 66 /1 5 59 /0o 8 31 B o, T K32 6
JLEY R T 28 23 W o) BB 30 A MR O 168 I B ) e o A2
25 RUZE 11 9% DMSO X V8 (Misgurnus anguilli-
caudatus) W6 I 7K & J A 35 26 (1) 3% i IS & 3 DM-
SO AL F S5 f Je SOV i 2 2 1 i 28 v 0 Bk 0.
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Do 3 LLJR 3 4 BRI, B2 25 10 5 o Wk A A 355 R B v »
O T R, B ERSARRE, %4 R 5 HK
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TR AL T o 5 B 1 B K B s TR 2R
B 2 0 B G T R A B R AR
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VA RSO P PR AT 3G R, IF A AT R v B L
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RV JG EF BE4R 55 E0 T 3 2 0 PR, 5 V4 VR
LT R K e B AT AEL IR ) k0P, B 4 T 7E AL
PR W AR P 160 2 S R o o R i 3y B A5 0 A 52
16 R PR OB VA V5 7 1 0 T 6 R B HEAT T R AR IR VR
RA7, IFLE 3 IRVAMERSEIR AN 173 LA IR G Hh 3R 15
4 RIEEIRNG . 4 R IE G S 8, B K AR 15
T, 7 WA BB AL IO VA VR 7 YR 2 R S B B AR 4
PRARAE A R — 4 AT LUR F (R 42
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Toxicity of different cryoprotectants to Japanese flounder (Paralichthys oli-
vaceus) embryos and application of vitrified droplets method

LIU Ben-weil'2, CHEN Song-lin?, TIAN Yong-sheng?; KONG Xiao-yu!; WANG Chun-hua®
(1.0Ocean University of China: Qingdao 266003: China; 2. Yeallow Sea Fisheries Research Institute, Qingdao 266071, China

Abstract: The objectives of this study were to analyze the toxicity of seven permeable and five non-perme-
able cryoprotectants on flounder embryos and to find a suitable method for cryopreseration of flounder em-
bryos. The proportion of permeable cryoprotectants in vitrification, the toxicity of vitrification on embryos at
different stages and the equilibrated effect on embryos of every step in five step method were also studied.
The results showed that the toxicity of different cryoprotectants on flounder increased with concentration
and exposure time. The toxicity of permeable cryoprotectants was: EG > EtOH > Gly > DMF >DMSO >
MeOH> PG. In the five non-permeable cryoprotectants, the toxicity of PVP on flounder embryos is the
highest; and the toxicity of glucose and dextran is the lowest. When the volume proportion of PG and MeOH
is 3:2 and PM:DMSO is 3:1; the toxicity of combined cryoprotectant on flounder embryos is the lowest.
The survival rate of the embryos at tail-bud stage and heart beating stage is higher than other stages after
exposure in the selected vitrification solution. The freezing and thawing time of vitrified droplets were test-
ed. And the shortest freezing and thawing time of the droplets with embryos were 15.09 s and 6.22 s; re-
spectively. The flounder embryos from tail-bud stage to heart beating stage were crryopreserved using select-
ed vitrification solution and vitrified droplets method, and 4 survival embryos were obtained. [Journal of
Fishery Sciences of China»2007,14 (5 :733 —742 ]
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BRI
a: IEE A FLOBIIENG, X 60: b: #2155 B L BEHIIEG X 60: c: BIE NG #E %5 J5 H 7% 30 min, X 60:d: 25 NG 7%
1 1 RAFE, X605 e: RVEMAGTEAES 2 RAT &, X40: f: BiGHEIRTAE 3 RIF&, x40.

Plate |
a:Normal flounder embryo at heart beating stages X 60: b: The resurgent embryo at heart-beating stage after thawed,
X 60: c: The resurgent embryo cultured for 30 min after thawed, X 60; d: The first day larval after hatching from resurgent
embryos X 60; e: The second day larval after hatching from resurgent embryo, X 40; f: The third day larval after hatching
from resurgent embryo, X 40.
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