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PRIBRE . B NaCl BB & R 5 SRR 578 SR s R VR R4 A L (B3 5 WA RE R
MR HRPE RS, FEANEERKSNERESRBERCFRRENERERE. ®
VRARA 3R] X 0 SR 72 B0 e YRR 4P 4F P T BE S E AT BUKFE R A K.

X KRBT, RHRRA, R HRTH

YR IR L RN TRERBENAY X EFRHEHRIERFERE
X, 1972 4, Whitting %8 676/ B0 FE IS ¥ YRR FE TP 3R 1B R, &5 WAL K S A R
MBARHERAFEARNMESE, AXPRMHTT B2, HEXRERA R, TFHES)
Y18 SH AR RS B9 B R IR BT R A Z . BUZH O F T 4, 1990 4E Toledo % PHR3E , 5 56 i
W& B (Brachionus plicatilis) RRA R T F A $ 30d. BIHE KRB T 60% LA MEREE,
H A3 R TR AR B2 IR T B AT M R L RGE. '

B R A T v i i X 3 R B R AR BIA P — R B 2K Y, BRENF, AR A
UFR AR AR, ZESMRAE IS AL AT, o AT A=A KR SR, B T XA IR R A B EH
SRSER R T, B I ARER, 5 T0RFF, oT DABERY 5 b, R 7C)E A 00 RARBR B £ T
HEHRNEP R, S5 a0 RERAVFEZMEUZ AL, XA HRFNPIFR AT AN
HERFRNINEEBR FRERARNRRRUEMENSH TR, FTEREY %
HEYFRLRERSY. $TUERE, fEE RN RARRNNRBRREHRTT
W3, X H S TR R A B A 2 R AR DL B 2R 4T T 4047,

1 HRIFEnA %

1.1 #HEF{3E 8 (Artemia sp.) RIR 8 X F E Ocean Star International Inc,
B, W3 %k % A T % # K (NaCl 14g/ L, MgCl, 13.5g/ L, MgSO, 2.5g/ L,
CaCl, 0.90g/ L, KCl 0.65g/ L); & F % IR B K Ao, HL B BAE 4C vkAd
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., WAWRS A YDS-10,

1.2 BERNAERE BE2% Sorgeloos ZP B, ¥ X HUKER SEALA 28CHI B
FAKFHAK 1h G, MAZFEBRKRERAER (BEKER 2.6%%EH), IBE 30min
ZBB5E, B¥/KMEE Smin, FKBBFTIE. S HILLEEEE. FERE. DMSO. . %+
BATH M+DMSO BB GBI (B 1.2), BUB TR B E Bl A /DB, il 1.5ml
RIFW, £ 4T T4 3145 10. 30, 60 Fl 90min, ¥ AWK B XS T4 3—4min, HEABREAE
7 24h, RJ5 30C /KRR, 4B 100 BIEP 28°C ¥ KB4k, 48h 5 iH B BT 4h ik,
HEBAE, TREF 4K, ITEEHE, #1T -RE,

£1 FERPA (EF), RE. FH&RTE), & REAPAMRT 24h FRAFELE
Tab.l Post—thaw hatching rate of Arremia decapsulated cysts after stored in liquid nitrogen for 24 hours with

various single—type cryoprotectants, concentrations and balance periods

BRI ¥ #5854 6l (blance time)

(cryoprotectant) 10min 30min 60min 90min
981k % (hatching rate)

% H(0.5mol / L) 56.3+ 4.4° 493+ 54 17.5+2.1%* 31.5+ 3.4%
B (1 .0mol / L) 64.8 +4.3° 55.5+24° 37.5+3.5% 49.5+ 1.7%
%5 8(1.5mol / L) 61.8+2.5° 57.8+2.9° 59.3£2.6° 58.8+ 3.0
# % (2.0mol / L) 64.3+2.9° 59.5+3.9° 61.32.5° 64.3+3.9°
RESE(0.5mol / L) 59.8+6.9° 36.5+ 5.0° 40.8 + 2.8 39.8+3.6*
REME(1.0mol / L) 50.5+1.7° 53.0+2.6° 50.8+5.1° 57.3+2.6%
BEME(1.5mol / L) 53,5+ 7.9° 49.8+ 5.6° 51.0+5.9° 40.0+1.4*
‘B (2.0mol / L) 58.8+ 5.4° 49.5+ 5.8 52.3+4.7° 67.5+ 5.3
DMSO(5%) 43410 10.0+2.2° 12.5+1.3% 1.8+ 1.0°
DMSO(10%) 43+2.1 123+ 1.0 29.3 £ 3.3 21.5+3.5%
DMSO0(20%) 13.0+1.8 23.0+3.2% 33.8+ 5.7 31.0+3.6%
DMSO0(30%) 143433 48.8+3.3" 61.4+2.2* 64.8 + 4.4
HM(5%) 170427 19.8+4.8 16.3+5.9° 6.8+ 1.0°
H#(10%) 15558 21.0+2.5¢ 17.5+5.5° 26.8 + 1.3
H(20%) 1401 6.4 33.8+5.9% 62.0+8.7% 359+ 10.2%
H#MGE0%) . 200%7.5 44.0+ 4.3 51.2+4.7% 46.5+ 5.5%
K 23.818.2 133+1.9 53+ 1.7% (1}

a 5Ky BHELEE (>t 0.05) b SH—AHEHELBE(t>t, 0.05)
¢ 5F8 10min WEEHLEE (0>, 0.05)

a Significantly different from sea water control group (Jt|>t, 0.05)

b Significantly different from the preceding group (Jt|>t; 0.05)

¢ Significantly different from the group balancing for 10 min (Jt|> t; 0.05)
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%2 FRRPFCUE) KB, FMAE, &8RP EERT 24h FAIRELE
Tab.2 Post—thaw hatching rate of Artemia sp. decapsulated cysts after stored in liquid nitrogen for 24 hours

with various dual cryoprotectants, concentrations and balance periods

E3iabi) ¥ #5 8¢ 6] (balance time)
(cryoprotectant) 10min 30min 60min 90min
¥4k % (hatching rate)

(RESE -+ 2 5)
0.5mol / L+0.25mol / L ' 69.5+2.7 61.0+59 63.8+2.5 613124
0.5mol / L+0.5mol / L 69.8+3.9 66.3+7.5 5731297 62.8+4.4
0.5mol / L+0.75mol / L 73.0+29 66.5+6.6 64.0+29 60.8+1.7
0.5mol/ L+1.0mol / L 82.0+3.8 68.3+33 64.8+6.9 70.5+2.5
1.0mol / L+0.25mol / L 61.3+1.7 68.0%6.1 67.0+4.8 . 62.3+2.5
1.0mol/ L+0.5mol / L 61.8+2.5 66.3+3.5 62.3+59 65.813.9
1.0mol / L+0.75mo! / L 63.0+14 69.0+2.6 69.8+3.5 68.8+2.1
1.0mol / L+1.0mol /L 65.3+2.1 72.0%2.16 653%39 71.0+1.8
(H#+DMSO)
10%+2.5% 64.8%£3.6 53.8+9.2 57041 348+3.1°
10%+5% 63.8+1.5 . 58.0+ 4.1 52.5+11.0 61.8+1.5
10%+10% 73.0%3.6 705+ 1.9 66.56.5 71.3%20.5
10%+20% 73.0+18 72.5+2.5 74025 81.3+3.6
20%+2.5% 66.3+4.] 65.5+2.7 73.8+2.8" 78.5+2.4°
20%+5% 73.8%+2.2 70.5%1.3 65.8+7.1 71.3+54
20%+10% 67.8%5.1 68.5+7.1 68.0+2.2 703+ 1.7
20%+20% 62.0+3.2 73.3+£2.1*% 75.3+3.0° 76.3+1.5%
K 238482 133%19 53217 0

a 5% 10min WAL BE (J{>1, 0.05)

a Significantly different from the group balancing for 10 min (Jt|>t; 0.05)

1.3 $8#0 NaCl AR HB+DMSO BHE M & L FHAERANSGHRE BUE 28CH
Kb REARRFTH0.1,2.3.4.5,6,7.8 F1 12h) BB 5B E B A/DNES b, 480m
1.5ml $#8/1 NaCl % ¥ ( E 3 KB #)) A1 H h+DMSO 7 (20%+10%, 10%+20%) , it
1l NaCl B AIFE 4C T 745 24h, i H M+DMSO B BHTE 4C T F4 90min, RIS #
AR BHESTH 3—4min, $EARBRE 24h, BILRITER |,

14 REHERFAEXIREEARE 55 L1 2.0mol % HE. 2.0mol B, 20% H i
+10%DMSO #1 10% H #1+20%DMSO JAR R RFH. BURT I EE Bk T &, m
1.5ml fREFH, 4T T4 90min, ME R TH 3—4min 5, FABRE DR 1.5. 13 F1
25d. BURHTRRRTHROBRART.

1.5 RERGHRNRGEERE 272 20%H M. 20%DMSO fH NaCl B A%
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HARTEIR, BUR S BR B E B TS+, n 1.5ml %R R, 4C F4 90min, WA ES,
V- 3—4min JG§, St ABBRTF 1d, 30CKBM TR, 28C 1L,

P hm & 570 A S 07 B, BRIRAL B9 T 404k, 268 3—Sppm Bk Al
FH 28C MK FALHE 5—6h, RISE, Z&IEKILE 30min, FBE, KEERR 3 : 1) EE 30min,
AR E TR K L, 48, TJ5, Giemsa Y6, 540, 8%, Rtk . M
SRERMBMBEE (95%BEE) BB & LRA 5 RARGHEINESR.

1.6 ARV R g HORRRIRARATIE  BURIAE 55 44 50 B ARBR 5P Bouin WE &, ¥ A
HH A, R EE Tum,

17 AEVIRMAKGEEMESFENE 28C TEE 4 MERETRHRIE BT
E28CTARE 4hjG, (1)EHER 2.5%% —# (0.1mol / L PBS, pH=7.2) i Bouin & &
s Q)BURZ B E B AE D, i 1.5ml K, MEKSFE 3—4min, EABE R
FE 24h, 30C KB TR, K B Bouin WEE; Q) BB AEBBAEE D, MA
1.5ml #1#0 NaCl B, 4C IR 7 24h J5, BB RS T8 3—4min, #ARERFF 24h, 30T
TKBFRR, 4 B1LLR B Bouin M E £. HP Bouin M E ER, 24h f5#k 70%THH, 1%
HRAEE IR BB, # B2 PBS bk, 1%0s0, B E 30min, 1K A T, &
S, 55 AMRAY-1830 i s BB MEEE.,

2 HRESH

2.1 BISEIMRERTE AFE L TR S, R EEKTEE EA MK, BILETR,
A o d L5 SR K S5 XV R B A Uk R ERE . TR . DM SO ATH i3 Bn th —EHI%
GRTER, B R R BRI E R PR R R T E R IR SR E T B EER
PR, #EHE (1.0mol / L, 2.0mol / L) F R (2.0mol / L) % BRI 1E A 5 “F# if 18] 5
;T8 E AR 7 DMSO 1 H M *F4 60min 1 90min B8 AR BURE 10min
30min ¥ CEANSIHI5E, ATRER B TERRESIR) (R 1).

WFE 2 Al LLE H, B A O E R R A SRR R P R R AR P4 R,
FPER ST ERETX. HM+DMSO 75 XUE 3077 0 1F F L e AR P 005, {H
Fobyk B4 A 5 AR A %, 10% H i+2.5%DMSO P-4 90min L F2 575 B ]
%K (Jt] > £,0.05) , 20% H H+2.5%DMS0. 20% H 1+20%DMSO - i ] +< #9584
A R R (1t > 150.05) (R 2).

T 3 T W W] DA BB 55 90 A 8 K B P48 90min J5, B9 T WK 1R, T H

DMSO. H i, R %78 7 0T 8 8 F 398 — 5 BBk s, B 1111,
2.2 {f1F0 NaCl BRFAHH+DMSO AR B E LA BRIBRLSEHRE HERKX
B A, Bk BRI AL R T % (X F 2h BA G ETBUE). Hil+DMSO Hili
WAL HERPERBLRS (KT 3h 5.2 5L 20%H H +10%DMSO 1 10% H
+20%DMSO R{FH# 7, BB A 15.3%M 43.0%, £ & 4h LA, H#M+DMSO E#&
AR GRPYER). TELMER NaClIEBCOS R R ST B IR & K& i AA — 2/
RAPE R, B0 G B R RS R Ve RIS, 72 28C F & F 12h J&, 10 NaCl BB {R P
IRFTIR I A 24.5% (3K 3).
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£3 HHBRIPE 28C TRB AR E/E, LI NaCl B H Hh+DMSO B ERHM,
MIRTE 24h RP{LE
Tab.3 Post—thaw hatching rate of decapsulated Artemia sp. cysts of various developmental stages at 28T after

stored in liquid nitrogen for 24 hours with saturated NaCl solution, glycerol+DMSO as cryoprotectants

A= L] R 30 (cryoprotectant)
(developing time) K R (H##+DMSO0) (HM+MSO0)
20%+10% 10%+20%
¥4k % (hatching rate)
Oh 22029 69.0+4.6 67.815.1 73.0+1.8
" 1h 53417 63.8+ 111 46328 47531
2h 0 50.3+6.5.
3h 0 348+ 3.1 15.316.3 43.0+2.2
4h 0 40.5+7.1 0 0
5h 0 37.8+2.2
6h 0 39.5+7.8
7h 0 38.3+43
8h 0 348140
12h 0 24.5%33

e B W 2 & BLAR 72 B 248 A NaCl %W F- 4 90min /5, 59 F 4R, 1M, FLE M
FREEH DMSO. H M. #i %% A R W O I B e SR &
2.3 BFREGEREFEENRIE AFE 4RI UEFE 2.0mol / L HEEBE B R RP
ISR, TERE PR 5d G BE T (t >ty 0.05), % 25d G LR
% 16.0%. LA 2.0mol / L BEEEAM. 20% Hil+10%DMSO 1 10% H#i+20%DMSO #
BOH R RMRTE 25d ERIL R BE TR (>t 0.05), (HBLRTI A 48.3%.
51.1%F1 63.0% (% 4). ! ‘

®a4 GUBRPBANRTRER AELHRLE

Tab.4 Post—thaw hatching rate of Aremia sp. decapsulated cysts after various storage periods in liquid nitrogen

By {7728t ) (storage Period)
(cryoprotectant) 1d 5d 13d 25d
¥ 1L &5} ] (hatching rate)
2.0mlo / L M %% 64339 50.5+7.8° 27.0+3.2° 16.0% 1.9%°
2.0mol / L FEHE 67.5+5.3 73.8+33 72.8%+2.5 48.3+5.6°
(H H+DMSO) _
20%+10% 703+ 1.7 80.8 6.0 770142 51.1£7.12
10%+20% 81.3+3.6 80.3+4.5 843 1.0 63.0+1.4%

a SA—AHEMLBE (>t 0.05) b SEKERE 5dWHELEE (1>t 0.05)
a Significantly different from the preceding group (Jt|>t; 0.05)

b Significantly different from the group preserved for 5 days (Jt|>t; 0.05)
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24 REITREEBMMRNE, X H R A RN B KEEA K (66.7%) Rk By —
KR (2n=42) (B 1.1), B DH(8.9%) HEMEE (n=21) (B L.2), KRB HX BAH
BT SRR R R, AT RE R B AR R AW IR AT, LT R TR AR
B, BA i — P L RIEE (K 5).

PLH . DMSO F{EH NaCl W AR HRAR, FLRAPRBEBAL K 2n,
BEKKRL, BFSREEMBAERIE (5% EFEEER, FLTRA S B4 [
TR EER, FMAT LA N RS G 5 B VR G X8 R B SR R — B,

25 RETV VR EHAEPAKER U ZRANPENERPPE - RERKTE,
T —3%, FESR B P B & Ur & AN (B 1: 6), B LA 38 BT 4 it o ML OB “ BB 7 SEBR
FRELRAEZEIATHNTA,

26 AEYVIFMAMGERESENE 28CTAE s ERBEEIPNRIE K%
XRWEREAEDNEWA. X0 RAMPMRES (AR 1:3), NBE —Z B (BKR
I: 7)., WERTF 24h 5L PAREH 52 £ BRI, DRBER E 4. R 2 WP, ATBY AR5
(B 1: 5), ENEERA BB (BN 1:8); A NaCl B AL, FRARARERB
FCHN, PR T R M R AF A, (B RS A W48 (B 1: 4), M1 BB A kg (8
MR 1:9), HHIA LA B H .

3 itie

31 Bl ERAPRGREEINE T MERAEESRE D, HRE 100um K4, K H
IRFTINEE R 250um 24, I B AT B A PRFERINN, BRBRMAME, % hiR7EH
REZEMR, EERE, 56055 H52Xsh I, H R AR E AR Sh %t 50 F1
FRERIVEFEZRIPNHA I LR BENENSETH,
3.2 —MRIAH, B URXT R v R A R4 A TR (1) BRIR R AR, R K A R AR B A
HE, T L0 B P9 VK 8 , 40 i 32 AR 5 (2) IR BE S 08, 40 B PN /K 20 F1HE, 76 48 B A T B,
KRB &M, 3T 4afaE SR BR G, (EX IR T RARRG % 5 Ze 40 M Y 2 R A DL T
>, 1982 4, Harvey £ R BB 5 L SN BIMNE I, Toledo £ 40
Renard 4} BIBF 3¢ TR AL G IR RG R URARAT, KRB VRS B R A — A,

B B 55 B R — Fh SR BR AU AT RL, BEARITIR BE LK, B B X B L Rk i, B
W HRBOL X BRI B E R . MEE BB LSR, 5 B BE NN K ES
HREPE-XBET. BAERRKE, MAGHRGER, AHBENELH, £
8CTHRKAE sh N BB RRES, WX T EHG, L EwmH, &
WA YR S, TR NaCl 7 AL 38 B 31T MUE AR A 60 00 B B8 3 B, R AR I 7K
DEBRARRKED, SERAEZHIN, F AWK AZEEE. Eilt, B TFEAKSHEE
T 5 B8R PA) UK o 1) T TR 5 A b oL P B YRR A SE T B B SR, 20 i okt B S B A
KRR HRRTEIIB KR,
3.3 1990 4, Toledo % /¥e v R 77 WE HE R R 46 RS, &L DMSO X BERS A %M’EFH;
1991 4F, Renard " FI BEME W VR R 7E A P8 1 B K E W5 (Crassostrea gigas) L AR, toHE B0 HAR
FHLHRISHAKA R, ALR K REERORHEET R, Hh. DMSO, EiEmE%E
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WRCr e, ) BRI H — E R AR, BN RR LS AT S HBUKIERSE
*K.

A NaCl BHBATAR RAERRRPH, EEEREBARELARERIER, A
SO 2 o5 s IG5 5 P B9 K 43, FOR R R RCR R 5] (H 1. DMSO. BERE RO i 25%)
EiE.

34 SEMATHIXMBERRERFR-ANEZEET. 155G K8 EREX%
YA BRI B R A 0™, W R 0 S IR TE X FR X X VR S M B 5R,

FEAEER SRS, RBRIB T 6g B ERAL T RARRTH, 330 R RA —E B, R
RIFFIFE 28C TR F 2h J5, BARFLMILLT, K& 4h J7, HH+DMSO ¥ HEBRAR
HRFAER, 1A NaCl BB ERY ) BH AR AT N ERYE —ERE G R e
M, B EBEGRPERES. B, &5 R R R R EURN, AR T
ERAMSECLIEM, RIRESERSGHREE.
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CRYOPRESERVATION OF DECAPSULATED ARTEMIA
SP. EMBRYOS '

Liu Xiangyu and Lu Renhou

(Institute of Hydrobiology, The Chinese Academy of Sciences, Wuhan 420072)

Abstract

The decapsulated Artemia sp. embryos at their blastula stage were successfully
cryopreserved in liquid nitrogen with various concentrations of glycerol, DMSO, glucose and
sucrose as single cryoprotectants. Higher cryoprotectant concentrations were better than the
lowers Dual cryoprotectants (glycerol+DMSO, glucose+sucrose) had stronger cryoprotection
than single—type cryoprotection. Saturated NaCl solution showed a powerful cryoprotection
for various developmental stages of Artemia sp. embryos, although a weaker cryoprotection
was observed for later stage. Intraembryoic ice crystal formation was the main reason caus-
ing the death of the embryos. The cryoprotection of various cryoprotectants is possibly relat-
ed to their dehydration effect. ' )

Key words Decapsulated Artemia sp. embryo cryopreservation, cryoprotectant
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| Edf ik 2n=42(1000% );2 SHR Al 1n=21(1000x);3 HifB /R Kk BB TN 28C TR H 4h KR
FRELW000x ); 4 SRR G RBFAIBAE 28C FXH 4h, 4CTHA NaClLEHCTH 24h /5, HERIE 2¢h B9IE
B RN, HHIT1000x ); 5 ABERE RBFENE 28C TR H 4h 5. 8K P RERF 240 R RE LA,
Ay ER, EEAYFESNE(1000x); 6 RIBLSE A X RS8R ] 1 (800 % ); 7 78 28C R F 4h G R
BRE (800 ); 8 75 28°C RE 4h J5, M8 K MR ARAF 24h A SUB TR IR 11 (800 % ); 9 #E 28C RH 4h fi, £ 4T
#0 NaCl ¥ ¥4 24h, AR FF 24h K09 SR FTER YT H (800 %)

1. Chromosome of Artemia sp. 2n=42;2. Chromosome of 4rtemia sp In=21;3. Scanning electron micrograph of
decapsulated Artemia embryo which developed for 4 hours at 28T ; 4. Scanning electron micrograph of decapsulated
Artemia sp. embryo which developed for 4 hours at 28T, then was stored at liquid nitrogen for 24 hours after stored
in 4T saturated NaCl solution for 24 hours; 5. Scanning electron micrograph of decapsulated Artemia sp. embryo
which developed for 4 hours at 28C , then was stored at liquid nitrogen for 24 hours; 6. Paraffin section of
decapsulated Artemia sp. embryo; 7. Paraffin sectionofdecapsulated Artemia sp. embryo which developed for 4
hour at 28T ; 8. Paraffin section of decapsulated Artemia sp. embryo which developed for 4hour at 28C, then was
stored at liquid nitrogen for 24 hour; 9. Paraffin section ofdecapsulated Artemia sp. embryo which developed for 4
hour at 28°C , then was stored at liquid nitrogen for 24 hour after stored at 4T saturated NaCl solution for 24 hours
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