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Abstract: In cryopreservation of fishes embryos, due to the characteristics of fishes embryos, such as big
physical volume, the bad permeability of vitelline membrane, etc, traditional techniques for the incorporation of
cryoprotectants have failed to protect all embryo compartments. But the method microinjection could
incorporate cryoprotectants into the yolk sac of fish’ s embryos and could offset the shortage of traditional
methods to some extent and raise the protection degree of cryoprotectants to embryos. In the present study,
several factors relating to cryopreservation of flounder Paralichihys olivaceus embryos by vitrification were

studied: cryoprotectants, microinjection volumes of cryoprotectants, microinjection concentration of
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cryoprotectants, and the cooling sensitivity of embryos after being microinjected. The results showed that 1, the

becoming microinjection volume was 750pl. 2, the toxicity of five single—agent cryoprotectants sequenced as
follows PVP>Sucrose; DMSO>MeOH>PG. Among these cryoprotectants, the embryos injected with PG got the
highest survival rate and hatching rate, with PVP got the lowest, however, there was a mixture of PG and MeOH

(PM), its toxicity was much lower than PG and the embryos injected with it got higher survival rate and hatching

rate than with PG. The toxicity of cryoprotectans increased as the concentration of its increased.3, the survival
rate of embryos microinjected with 6mol/l. PM was (25.07 + 1.57)% afier being coolled in -20 C for 10

minutes by programmed cooling method, whenas ,the survival rate of controls dealt with five steps balance

method was (20.88+2.84)%, which indicated that the chilling sensitivity of embryos microinjected decreased.

Key words: Paralichthys olivaceus embryos, Microinjection, Cryopreservation

0 5l%

2R B R A R OR TR, X SR 2 FR I A
FRBIRARAT IR B M AK = IR B A EE MR XA
NAWME. BEIAWHREAR, 4 B &2 BRIZ
P Bk BN K. BEAR D, BARY
REZRRBAREHBIERERG, J L, B4 %
BIEHRIK, BSRAERE, IREBIN KT Bl
B B e i (Misgurnus anguillicaudatus) i (EFL 3
P30 18 i B AR FE B R AR AR T 17 h, A R 1Y
JERGIRAE T Biis, 234 50 h 357, RRGR B 2 R 5
IR #A J5 FE T ; Chen and Tian™ % X} 5F #¥ (Paralichthys
olivacew)%ﬂﬁﬁ%%ﬂiﬂé%\%{%ﬁﬁ?f TBARGEHR
AHIBTSE, 3E3R1G 8 IRV& VR JE UG HE AR 36 20 80, o ob
14 BUR H BOE & 8 1 ; Ding % %% X 8 (Pagrosomus
major) R R #EAT T B HRINERER, ikl T —4A
PUAR, R EBRU R R ERBE L RS TEN R
fifi» FEBC A b, 2 T O %) B I G 2R AT BRI AR
%, KRBT TR RBGERERG 3 25 B0 Hh B
TG 13 K BREIFIRAG 4 IR I 5 S AR R, 36
80, HoA 7R S AL H A BE R R s AR T
BRI 773K 8 4 LIS IR IR %S . BAR UL B JLALHE
REREG T W HEFRERE, @, Ad, »
U E RIE R, BRI SEE. BIMEHRE
Xt Bt 4 1 (Brachyadanio rerio) Fl K 25 8% (Scophthalmus
maximus) 3T T RGBS R IR FEE BT R, (B
RIKB T -

H A, SRR AW R R AT O O v R B A 3L A
PP VRORTF, BUE N B o8 . (BB R 7 38
K F BUER TR R G B S B VR AE HUR B N RGP
8, AT IE B R rh AR 3 R IG 1 B B, B K S8 1K
T PEES. ElTaRRAERK AEIEINE,
SREEEMEZ OV 2 B S R R, P ENE AR
ELH S B H M B EIIAG A, ARG

B EBHRY, AR A B RR BRI RS, £
FhAF B £ 5 306 R JG v VR AR AF BRI 908 R T AN I
Fo

JR s R 50 F O 3 3 2 A0 I TR i v SRR P R S
. DRERBEANEH KIS, AREREDLSPEKE, %
BRI AR 0 WG I R AR » T BEL 1 0K & 7= A B 4 Xt
JRREV R IRTF T R L 0 . PUAR TR BT ATE R TR 2
o ERERTER. BElETINEBEEEZE, IV E
RERCA T RAR B BRI, BHAS T B FIBEA BN . b
TLARIN B IR FE I BB, R LA TEA IR A
R, R EPUEH TN G B R, IR, N T 2
RESEAR, BPUE MR 2GRN . S
EEAINATER TR, B RIX AR H 2 2R
41 BE 1 £ 59 BOR B AR R SO Vo VR BUB " Janik" 9%
BRI T N BB D R R A R AR AR, R
Beirao™ &5 5 12 B B 4 3 84 (Sparus aurata) B
BHRTE, I8 R TES DL X R HG v U B 2
WBEAT T #F50. Robles!™ 55 ik A wa il R ML W h 77
TERIPLRE EPE A PURN, 75 2 REE 6 G AT
fRIRA .

T HEUE Y A B R S BRI ST R R I PR
T ¥ S R Bt 30 < v A R PR e A AR AT TR
R, BRI S PR TR BE AR AL X R 14 3 e DA Kt
GRINTE S 5 X R BRI T 52 4 i ma s AT B A, Bk
240, B A S MR AR S E X A AR
W BRY A B S B, GhEEn P SRR G
HIRAFHATIRAR R, FEXN UM B — SRR A3t
GRS R MR DL R ST 5 RS v SUBE AT
BRF, DA AR AR R AP ST AR (LB R B )
1 BRIEA*
1.1 X5 i) Fo b &,

IR KT 2008 4 3 7 L1 AR 48 ¥ FH T B0 K 7= PR
A E AT



M C S BRI STPIR XS S 8F (Paralichthys olivaceus) NGB K ¥4 BUtE i W - 303 -

1.2 KB H

12.1 BB RIE BB R T $FRRG B L R B R T B
BAKTHERAFARM. RARUKTEREZREN, K
S BT AR SN 2 LR, 16 ClEB 374
hRAER. RRKEZRFHERIETRR.

122 FAEH KR A A T /KBS2, B NaCl.KCl.
CaCl, - 2H,0. MgCl, - 6H,0. NaHCO; Bt #", 1k 418 ¥
JE R PR A ZE A ; UL Ringer solution(2.99g/L KCl,
6.49 g/L NaCl, 0.29 g/L CaCls, 0.202 g/L NaHCO,) ',
YEX B DPUATIRZERR .. SRR PG HE
BEBANEBEEFRE. BEERGERN 1L2-N 8
(PG HEE(MeOH) — F IEA(DMSO); B EHHI
FURERE (Sucrose) . 3 Z UL B (PVP) .

1.3 REEF %

1.3.1 B#0E 4 7 % BHIES A Eppendorf 23 & 7=
&, VE ST R4 PC-10 $z4F 4 (H 2= Narashige 23 1))
BATHLH], R 2 BN , SRR AT R BRI 1E A 4
o SR, B EEERFHNIERRE 8 HIBARL
FEX, MADBEREEK, RGN 28 ES
HeFlo eSS, B BRI EH IRBERG 44
RS B ARE B AL, BRI AT B0 s
TREEHAT .

132 FRERERNEHENEL KB REFHRT
B, 1 5 4 mol/L 5 DMSO. PG. MeOH. DMSO, PM
(PG:MeOH=2:1,V/V) , PVP Fll B ¥ Ik [ b 4%, LA
Ringer solution A ZEREH , 151 71 & 4 500 pl, &F#kiE 5t
15~20 KL JRJR , K3 5 J5 IR 53 FIHE 6 molV/L IR )
PM HL7 5 P4 10 min, 0.125 mol/L EER#¥ER 10 min,
FERREUH AN TECHIK LR K, 16 CHEEIEFF
FP SR, 12 h G G0 R ) B 28 (R B0 30 8. 51
0, AR WAL 5 P it s K S SR R R I &
CH e 7 U/ RS IR ) , B 40 5 AH [F] ) B 1) Ringer
solution 2 [RJ 3L A1 A %) FR 4.

133 EMESHFEMEREN A EREOGZE WEHF
WA R, VE 5T 6 mol/L 19 PM, E &t 71 & 4 5 2k 250,
500.750. 1000 1500 pl, 44> 4% 7 &8 1 5 15~20 kL
JERG 535 5 5 R BB FE 6 mol/L 9 PM 7% 10 min,
2R EF L.

1.3.4 B 400E 51 F BLR LR AU 3 IE e 8 v R
HBE AR, BA Ringer solution X ZEfill 8 , #f PG . MeOH .
DMSO =M B EMHEHR, R 2 WEH K 4. 6.
8 mol/L ffI %5 ¥, PVP- B4 75 T AR 18 4 M bt vk 71U L 61
Ji 4% 6% « 8% PRI L, K EC I 1 (1) JL A HUR Y, VRS
750 pl EF EF LRI BN, WA HURFIES 3 MK

B, LT 15~20 %1 . ¥ 5T /5 B EIG 7E 6 mol/L 1)
PM ¥ T4 10 min( LA BS2 /R W &8, 2 G B
il o
135 BEHE st ERKERZ N B Y NRFHK
fifi » EA Ringer solution 4 Z£ Rl ¥, 4% 8 & 1 U % 7
DMSO- PG. MeOH. PM & P ] ik 6 mol/L ¥ &£ i ¥
W, BB 2 VE DR 7 BERE L 0 R 6% B WLAE D Uik
), F4T 750 pl RIEAG IR B, G HEE ST 15~20 %I,
S KRR E 6 moV/L i) PM FSP-45 10 min, ZEAFE
F, BER 12NN, AR LR L2 “C/min
FERMNEEBEE20 C, P4 10 minZ 5 BF
Lo BB PHEELBEF MG, UL BS, 1 4 ZE MW,
BC ) 6 mol/L F PM Y& A Hivk 7, & MR F 20 P54k
ARG, FE AL BEIE A 2 °C/min [EREZE-20 C,
SEA7 10 min JEELH .
1.4 HIEAE

R BRI HBIE S o+ 2 i 84 SPSS #E4T B (X
£ 5 Z 5 HT(one way ANOVA), A ] H 35 41 18] F| FH &
/N3 AR ZE VL HSD VR AT £ B AL, I LLF B dvE
wEPFRIE, A—RINPFRHRARRERIEE
(P>0.05), FEEAR R R R ZE 7 B3 (P<0.05)
2 BERESH
2.1 REBFE M MG RERE 0 H R

BT R LR, 7T LUE H 4 mol/L. 500 pl 1 JLFFH
xR RR I W . PG MeOH. DMSO. PVP. B8
(PVP FIEEREIR E h 4)%IX A Fh s — PG FIE S S, &
H3KB T (55.95+£3.3)% . (483 +£6.46)% - (40.44 +
3.35)%- (29.6 £2.43)%. (32.4+2.6)% I BIE K, 7] B
15t LR LRI T 87 R 2F SR B AR B4 B K
F/NHEF 4 PVP>RERE , DMSO > MeOH > PG, Pifh i
HBREE PG PGSE McOH B S M PM KRB T
(62.47+5.46)% [ 3% % , 5 MeOH. DMSO. PVP. &
WERBEP<0.05 . ERAE L, E5 PVPIREBK
BAK, S5 HM UG FREBHBUEMALERE
=5 (P<0.05),7 PG-MeOH.DMSO.PVP. BEHE 2 [H],
UK 5 PMZEEREERP>0.05) . (LED
2.2 BMIES R BN F 3k T RERS R E R

R, B2 T 5T SRR B4 5 250 pl.
500 pl. 750 pl+ 1000 pl. 1500 pl i 6 mol/L. i PM H 14 7
B R B R TR R, 4 R (77.67£8.34)% -~ (60.22 +
5.29)% . (49.21 £2.97)% . (23.63 £2.63)% - (8.88 +
337)%; B AL # K (83.55+6.14)%  (72.1£5.15)% «
(68.9£1.900%- (53.33+5.77)% (16.67+28.870% . 7E
B8 45 34, 250 pl IR RIS AL R BT, Bk



- 304 - PBHRLF @B http://www.casb.org.cn

Opis®k gk

o]
<
- e .

PR FRISETE % (%) /%
S

DMSO PVP

Cont rol

PRI R

B 1 FERRE SFHIMERA T 5T 500 pl.4 moVL MR BRI S B ALE UL E@n=3)

100 ¢ CIRiE 2

80

60 -

40 |

20 +

FERR OS2 IHL )%

250 500

RS

750

Control

EHFIRED

1000 1500

B2 EHTER 5% (PM) R F 8F5E kS B E E (n=3)

#1500 pl. A LAE Hi, BEE R 8, AR K
BRIE R R K. B, BFAEENE
1000 pl i, B 18 2 B0 IE % 4 (23.63+2.63)%., 15 750 pl
BT 45 3 B RS 3.(49.21£2.97)% 2% 7 B ¥ (P<0.05), &
2% BHLER A FERG I fR 4 LA R IR ARG iE R R K,
EHE 750 plAE A 7 81 B 2F B RS 80 B 1 B A 55
2. (LE2D
2.3 BAESR B R & ) 2FRR A AR E B B
LR, 7T LA, 7RSI E A 750 pl A, &
WA IR AN EIFP BRI, B A B B RG AR S 2R
FALE G BT AR . 7 DMSO.PG.MeOH.PVP.
TR B — R T, SRR A 750 pla R E A 4 mol/L
i, PG % 2 8 75 (48.24+6.47)%, PVP K535 B B 1
(25.54+6.13)%, 402 PG 5% 15 (69.54+5.7)%, PVP B
i (41.67+17.56)%; 1F 51 BE 4 6 mol/L B, vE 4 PG )
JE B B RS R 5 7 (44.99+4.36) %, PVP B BRI R B A%
(24.76+4.26)%, ¥4k % PG & & (63.06£3.37)%, PVP
B1K (35+8.66) % VEHT R E 4 8 mol/L B, PG AR i
5 AT B 0 (39.52+3.07)%, T AL R PG & /& (56.61+

0.91)%, PVP 81K (46.67+5.77)%. JBA HLIHFI PMLE
4 mol/L6 mol/L8 mol/L = NE & & i BT 15 2 I Ak
R AL S T RNR EAKE 8 — Bk A, PM
7F 4 molV/L. 6 mol/L.8 molV/L ¥ 5 ¥ & 4 5 3KH T
(52.75+4.52)% (49.21£2.25)% . (39.52+2.51)% ¥ i,
TEH, (73.52+3.36)%. (68.9+1.92)%.(61.9+1.68)% 1]
bR . WLLEH, B —HURF, A F AR R AE
SRS, PG U3 1 B A AL 3 B 5, PVP B KK,
WA PERPM ERTE R MBAE T8 —HUE
s MZEAR BlE S FIEA FWRE T, F SR B8, i
GRFT B IG98 , RRE BTSSR AL R e 2 PR, (3.
&l 4)
2.4 EHE RIS BT

W%, ATLAEH, 76-20 'C¥ % 10 min J5, £
B3 vE ST PM B IR G BUAE T B I BGVE 2B (25.07+
1.57)%, 73 5 FEE 0 P T R B K (13.7742.84)%, T &
SR VEHELBEEX RARKIRSB T (20.88+
3TO)%M IR . BARE R G I RS R ML
RRAGWE — WK, B85 AP FeEsmxd



BB % B ST FIXT F ¥ (Paralichthys olivaceus) R BR FE 1 K YA SURE I W - 305 -
100 OM  A%(EEREFIPVP)
EIOM  6%(FERERIPVP)
e 807 MM ’%(FEFEFIPVP)
$E
1o
)
=
PG MeOH
ErRsS il
B3 REGEERE T LAHURT R ERA ALE R
100 CM  4%(GERE AP VP)
M 6%(EEE APVP)
mSM , S%(ERIFIPVP)
X
%
=
i
=]
DM SO PG MeOH PVP g PM
Eipts il
B4 FREEERE T ILMIURT AR R
1m[’ O RS Borss &
g " B fERs b 2
5
Ha
g
-]

PG

B 5 EFFERHRT RS FERBTERIMMLER

bb, {5 PM IR RG BTG A T AHXTRE . 55 B
SR 5 ERE A R TR BT FE B, (B AV T B
k. 28 (38.88+9.62)%, 1M1 i3 51 DMSO 1) ik i 544 2 %
11K (27.78+25.46)%, 13 B IEBE X B HE S 5 R AR )5 A
RE AT (B 5
3 g

BRRBEHEREBR, B— B EEEER
B MERGEENRGR . EERNPETEGEE

HIE R T R 75 56 % 5 BRI R IR R AR R
. Hi T ARG B 5 %R, MR AKX
B R EERA BN EKBREFHER, &
HTENRRIBREARSR, FEEL BB KM
.

BRI INREE £ B4, 2 BRI, BB
AR AEB AN B ERG A R0, SRR R IR R &
—MNYURFIFERRRG & 80 70 BEAT B 50 A » T AR 4807 ¥



- 306 - PBLFER http//www.casb.org.cn

R BEAE LR AN B AR BB B4, RIPIERR 5 50
RN EE, TN PN NI BB E &
WAL, ENEBEEEE, SIRBEAN T RRK

BB, KK T LA AN R A SRR

FIERBAIKAKRH. BEASERENEREY
JFRFBUT RS I @A BUR T BN E N A B IR S
RGN INEEEEEZES NG, EHEH
BEARNE—FEERER, 7] MESTHR RIS B AE
8, 58 AR A SRR IR SR B R, 5 AR OK B R R 4
1A,
BRUEE MR R EM B, BRAGRIFRIINE
o 760N E P EVERN T8 KEFRIG A R R T
R, BFHRAKBRESHN AT, mMNHE
WESEHTRBAHRRFNRE D, HREERE
BT R RRA B, 8T 25 871 R
B TR ER T I ELO BRI E R VE b B S
MEL BT RERALIHNRERBRFEHEE T
MR EEBIRIEERFHMAE, B B
S SRR 2 N, R BUIR I B RRE N OB Y, T 0 Bk
B OR R Lk BB 2R BRSPS B, IR R AR K,
T 9 1t A2 B 2 5 X R Ao R BE R 4 BRARGRIE R Th
%t F FLFP B —H % PG.MeOH.DMSO.PVP. i
Bk UL, 3, PG F1 MeOH 2 [8] #8 #4: LA & DMSO I
R MNETERANHEPS0.05). W=HETBSE
HHHA, B3 K/ HEFI S Chen and Tian P4
) P A L A SRR AL, R BA E B R
WP, PURAI R SRR SRR —
By . TRERA PVP B IERBEHRGENIRE, N
FERE A PG FIUEFAS . SHFPVPRYL, BR
B PM R IN—E B PVP, DU R Bk
R Y 5 S R B TE DU VR R B BB AL IR P RN 2 B PRI
Ji A — 8 MY, EE KRR E S PVP J5, BUE
AR LTS F 3 A, BT B R T PVP BB BB A Bk
Re I ATIERLIN . 540, PG 5 MeOH IR & ¥ PM %K
B, BERT JLF 8 —HEF, iX 2 5 Chen and Tian®.
AR IR R 45 R — B, UIF SEVR A PRI R G
B/NFR—HUHR.
V5 2 98 B BT FEAR B 8 1 LR AR AR
HIBE P55, BE B XS T 59 35 b /0 R B B R i A7 1 i
ZREE . &L GE S DMSORKF, I
PRIPIG IR LR E K 6.1 mol/L I, BEIG KL 4
60%Z 4, EG B &R E N 7.8 mol/L i, R IRILE %
40% 747, MeOH Bt &3 FE 2 10 mol/L it} , B A FI 4L

BRI BRELA. MESLAEEFHERRT,
JiE f & ¥ 78 6 mol/L i) DMSO 77 i% i 18] A 8 i
10 min, 7 4 mol/L ) DMSO 1 7735 i 18 A1 30 min;
JE I8 L 7E 4 mol/L i) MeOH 1 EG, 77 i% i [R] A8 it
30 min™. XFF SRS, TR P EH W H
FOTIERG P B B AR, PSR RE B BIPT R AIE P
FIBAWRE, KRR S K0 — PRI L . (B
FA B8 A, B F 6T IR G 1R MUAE 4 mol/L () DMSO.
MeOH.EG ' 45 min 5 F 8L fE I e iE R oy AR H
(2.50+2.89)%, (38.75+14.93)%F1(1.25+2.500%". Hi
HARNES BN, AR PUARFIIN SZRE B &, T AEE
IPUATI SN BB BRI Y BORR A F RIS,
Hagedorn™ Ak HL 47— B4k S B0 %5, JLEAR
2B H . Robles™ 43 H7 5¢ Jtbric IR 5T B K384
SRS, RILBA R —FE, 3t BRI 40 ..
Janik" W0 52 2 5T BB S A I R A HUARIE A %
R BHEMHT . PLFERENBIEESE, T
BEANNE, TG, AR H 28 (0B 50 3 A )
ANFIURL, 3X AN 1t FR R S T R A 40 B T ) B R v
W EEAH R B R B BT R U A . 7 4F, Klyachko *R
I, F7E T BR ¥ V6 88 (Misgurnus fossilis) It i & & 5 3
MFZEE, EUANE M. THEEERRENK
BV H AP, ARG IR E BT 80%
CLERIES, SRS i S2 P, (LT BB R TEON B Y
o, B TS AR R B

55 A JLFR €A LU, ZF S REAG BT BE AR 52 1 B
HAEHERE. BEEERBPHEHNERS
30 nl B, FEAG RS BB AR A (144D %" & SLBR 8 K ik
SIFE R 150 nl B, FEALE K 40% 22 4 K ZE 6%t 7]
7A%Z 20 nl FES FIB R PTEHRE A, T4 T IBr9% KR
B, {41 1 nl 9 6 mol/L 1 PM HiL 14 7, ZF 8 BE Jif R
ERT BRI 10%EA, FEI RIS, 53770 248 in
2 1.5 nl B, BRAA RIS 281y (8.88+16.7)%, 7T L, F ¢
JERJG X F 080 ST PR TR v 5 R B i S M K
XA BE R B TR AR A [R] SR A2 F0 51 32 BEAA R BT M BRI
F ORI GRAR 8D, 4 0.8~1.0 mm, T BE I f . K55
BB R4 K, 2 B A5 3] 1~1.5 mm, 0.9~1.1 mm; {24
SKERIBH 42 0.82~0.92 mm, ELF /N, (B 5] B 1y 5 51
BTS2 25, X AT B R i AN [ £ 2 6] A i 52
2 7 B

M BRI RIS 4 R E, BREHERE QTR
BOHE R A, B AL R AR &, XA G i T RERE 2 R

RipBZE, AR A AT B BRRM A .



R A B SR S o 6 (Paralichthys olivaceus) FE IR K A BURE N W + 307 -

Dinnyes™ % & 18 H R EER A G P EFBEREEN
YER .. FER R, BExd BERR MR A5 1R ), iX 4k
5 Sakkas®"%§ Fl Kuleshova 2 [0 s — 2, {HiX 4 1
EREHITERANTR, LG fImA—2 &
I RERE J5 B R AR AT VEST

FHo, AR RRERER, Ll dH PMK
JVR B R R 5 20 P 2k A 1) R R A U A B
FRAR. (R, B SHERUR B IG BiE R AL 2
HARBEME., XARFUTILRERE: F— %
ARIFAGSAENRBRGRENTGA B .8

B 1

WESFER - MMEAEAR AR BIELRE, HEAR
B, e G E R — s YRR, TS hRigfE+,
R N8 S B B T 5 B A V8 BUB A
BERMmEE: B=, EMENPGRREANRRE, H
AT A R4t 28K ERGRP, F AR T RES
BEBNEAE AN IO, BEXNE . BERHSEHAK
SF. {84 % 7 Janik. Beirdo. Robles A1 51 & , [F#E
U A5, ¥ WIS R — AR, B S B
A Z JE A B 45 & B AT R RR ¥ R AR A7 B 5 ) AT
AT 7] BT B 28 55

a. BRESTIURS 7 60 B2 R IG (AR LR A A B KR F S HIARE), x50: b BRI PRAUE IERG L I & T, <50,
o BT FHERRAA R O BIEIERR, x50, 4 “ BRTESHEMRRAES MBS R R & 8

B 3k

(1]  FRB,E KNI, % RN B LB KR R R
717K 7= %4],2002,26(3):213-217.

{21 Chen S L, Tian Y S. Cryopreservation of flounder (Paralichilys
olivaceus) embryos by vitrification[J]. Theriogenology, 2005, 63 (4):
1207-1219.

[3] DingF H, Xiao Z Z, Li J. Preliminary studies on the vitrification of
red sea bream (Pagrus major) embryos [J]. Theriogenology, 2007,
68 (5):702-708.

(4] ZFEERVEK, THE,E AR RBEFELAHRF MY/ FRA, A
FHEFRERRA G RFIERIR SHR Jbat B Rk g i,2007:
427-434.

[5]1 X3 BRAR A, FLER 5, %5 JL AR B 38 X0 OF 6 A B BRAAL A TR R 12 0
ZwaT].3h ¥ 24R,2005,51(2):320-326.

(6]  x|Zfh, RRAM, BT K i, % R RGN 7 SR IR AR A B S LA R
T AL TR A 5 AR 7 7 ¥ 0 R [9). o B K 7= L #£,2007,14(5):
733-742.

[71 Roles V, Cabrita E, Real M,et al. Vitrification of turbot embryos:
preliminary assays[J].Cryobiology,2003,47 (1):30-39.

[8]  HAHEBREASK 22 4 KIS IE B B AL RN ST (). E AP
F1¥,2004,11(2):166-169.

[9] Beirdo J, Robles V, Herrdez M P. Cryoprotectant microinjection
toxicity and chilling sensitivity in gilthead seabream (Sparus
aurata) embryolJ]. Aquaculture, 2006, 261(3):897-903.

[10] Janik M, Kleinhans F W, Hagedorn M.Overcoming apermeability
barrier by microinjecting cryoprotectants into  zebrafish
(Brachydanio rerio) embryos[J]. Cryobiology, 2000, 41(1):25-34.

[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
[J33. Cryobiology, 1999,39(3):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 (8):1719-1731.

[13] Robles V, Cabrita E, Anel L, et al. Microinjection of the antifreeze
protein type III (AFPIN) in turbot (Scophthalmus maximus) embryos



308 -

P®LF@EMR http://www.casb.org.cn

(14]

[15]

[16]

11

(18]

[19]

[20]

f21]

[J]. Cryobiology, 2006, 261(4):317-318.

T, AR, R T, R B AR SRR T R AR
(71,5 B 544,2008,15(5):866-872.

B K e, B BR, 2 2 A SR AR R BB A R B R L[] AR
7, 2005,15(3):105-110.

Hagedom M, Hsu E W, Pilatus U, et al. Magnetic resonance
microscopy and spectroscopy reveal kinetics of cryoprotectant
permeation in a multicompartmental biological system([J]).Proc Natl
Acad Sci USA,1996,93:7454-7459.

MM =R B K A R AR R R BT 5L [D] L 4
R K #,2004:31-37.

Cabrita E, Robles V, Wallace J C, et al. Preliminary studies on the
cryopreservation of gilthead seabream (Sparusaurata) embryos[J].
Aquaculture, 2006,25(2-4):245-255.

FitA EHEEBKAREHNEF LA GREFARD]LES:
o Mg K #,2004:22-31

Hagedom M, Kleinhans F W, Artemov D, et al. Characteriztion of a
major permeability barrier in the Zebrafish embryos{J]. Biol.
Reprod.1998, 59:1240-1250.

Klyachko O O, Vladimir P K, Sofa I, et al. Nonouniform
distribution of enzymes in fish eggs[J]. J .Exp. Zool, 1982, 222:
137-148.

[22]

[23]

[24]

(23]

[26]

[27]

(28]

Adam M M, Rana K J, McAndrew B J. Effect of cryoprotectants on
activity of selected enzymes in fish embryos [J]. Cryobiology,
1995, 32(1):92-104.

Arakawa T, Carpenter J F, Kita Y A, et al. The basis for toxicity of
certain cryoprotectants:A hypothesis[J]. Cryobiology, 1990,27 (4):
401-415.

Baxter S J, Lathe G H. Biochemical effects on kidney of exposure
to high concentrations of dimethyl sulfoxide. Biochem.Pharmacol,
1971, 20:1079-1091.

Fahy G M, Lilley T H, Linsdell H, et al. Cryoprotectant toxicity and
cryoprotectant toxicity reduction: In search of molecular mechanisms
[J]. Cryobiology, 1990, 27(3): 247-268.

Dinnyés A, Urbany B, Baranyai B, et al. Chilling sensitivity of carp
(Cyprinus carpio) embryos in different developmental stages and
the protective effect of sucrose[J]. Theriogenology, 1997, 47(1):396.

Sakkas D, Urned F, Menezo Y, et al. Effects of glucose and fructose
on fertilization ,cleavage and viability of mouse mebryos in vitro[J].
Biol Reprod, 1993, 49:1288-1292.

Kuleshova L L, MacFarlane D R, Trounson A Q, et al. Sugars exert
a major influence and have low toxicity to embryos and oocytes[J].
Cryobiology, 1999, 38(2):119-130.



