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TOLERANCE OF FISH EGGS TO DIMETHYLSULPHOXIDE
AS THE CRYOPROTECTANT*

Keiji Arii*2, Toru Suzuki*®, Rikuo Takai**, Tsuneo T. Kozima**

The cryopreservation of organic tissues in living condition has been studied by many
researchers. However, no treatment wich has been proposed in available literature is
successeful to preserve fish eggs alive.

In order to perform the cryopreservation of fish eggs, it is necessary to reveal the
optimum concentrations of cryoprotectants and their effective application procedures.

Dimethylsulphoxide (DMSO), a very popular and effective cryoprotectant, was chosen
in this study. The mortality of rainbow trout eggs (eyed stage) which were immersed in
solutions of various DMSO concentrations at 10°C was related to the time of exposure.

The concentration of DMSO in the eggs was calculated for various permeability co-
efficient of DMSO through the egg membrane.

The results suggested that the tolerance of the eggs to DMSO depended upon only
its concentration in the eggs and the mortality of eggs became significant when the con-
centration of DMSO increased near 1~2.5 [mol/l]. The appropriate permeability co-
efficient explaining the experimental results was 2.0<107*~8.010-*[cm/sec] in this study.
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Table 1. Composition of artificial medium solution used for eggs from raibow trout.

Constituent Concentration (mmole)
NaCl 145.5
KCl 3.4
CacCl, 3.0
MgSO, 0.5
Tris(hydroxymethyl)aminomethane 20.0
Bovine serum albumin (BSA) 5(mg/ml)

Citric acid up to pH 8.40 at 0°C
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Fig. 1. The change of mortality at various concentrations of DMSO.
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Fig. 2. The assumed relationship between mortality and DMSO concentration (Cin) in
eggs.
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Fig. 3. Calculated DMSO concentration in the eggs. Solid lines are DMSO cocentration

curves in the eggs Ciq(f) as a function of the immersing time when assumed per-
meability is 4.0 107%(cm/sec), which were calculated by using Eq. (2).
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Fig. 4. The relationship between the mortality and C;n, DMSO concentration in the eggs.
In this case the permeability is assumed to be 4.0 10-%(cm/sec).

COEFATIE, BELA DMSO BROBE (Cuw) 2\EWEY, C, T ARMMEL o
L7, OFCENRE ERTH Licied, LarL, JIOFELEELIIFRRE & OBfRIE, R
e HIREED DMSO B & {E-~1#HE T, Fig. 2 LR UEE—20B %525 LikEh D,
¥, ZOEFMI Kk & C & 2 20RMIEAF 2 — 2280, ThOOEYH¥TELSS
LI Lo THBREREEBN LIS ERT LA TES,

FELIR, PEABRE LLEBYAVCETHERORE RS, HOoRTERBEL C=1[mol/l]
THAHZ LIS IRLRHRE Lz, Kizfs 0 k ofE%{R%E LTI DMSO i C, ©
BERIZE{LORET 25, TSt DMSO BE (Coo) I L > TEDOBRE LAY (2) RE{F - TFHEL
t2o FO—FlE LT k=4.0x10"*[cm/sec] D#4&% Fig. 3 R,

& biz, Fig. 3 o [#§fE-JF DMSO #E | i %{# - T, Fig. 1 © [FH-JETE]| OBF
fR% [Py DMSO #E-FE TR | OBRFRICHXHE L7,

TDXHILTRDI [JI DMSO BE-FECR ]| OBMFEAMEE 2 TR RECAEHTS
ko k OfERE L, FOBE, k Xk X% 2.0x107°~8.0x 10" *[cm/sec] Dfifli=H 5 L&
zbh, AR C. & 1~2.5[mol/l] OffICH 5 = LR I hi-, k=4.0x10"*[cm/sec] D
BEOKERY Fig. 4 1w d, 20 X5, LREOIO (I DMSO BE-FECTR ]| OBIFII,
Fig. 2 CRLAT » 7HRERRAD, v 7rEf FlIBCEVWHBEhoi, Chik, Jiflao
DMSO ot T 5@ EE S50 L4FL b 5D, FEBMLTRTIHALICTS
tiixcRhoi,

¥7, HE LI DMSO ZBFEL, Sy v+ vEoKcH T 2885080 4.3x107
[cm/sec], Bp# Y VIRBE®D® 7V + r — AT 2 FB8EFEES 4.5x107[cm/sec]®? THBZ &
LELTH, EMETHDHEVLD,

LLEXb, =o~=AREITIE, DDMSO %o DMSO @A 2[mol/l] X h BWBEIREE
THIABAS Y, 2[mol/l] TiXBlhish - tc, @DMSO D IEESFEHILE L+ 2.0x1070~
8.0x10~%[cm/sec] Th 5 LHEE S hiz, ¥, B ORI IIIND DMSO @M 1~



126 HHEZ « SR - BWIFEERE « NETRE J. Tokyo Univ. Fish.

2.5[mol/l] fHEVCET 3 LT HMAAHEMT 5 LEETED,
IhLORBRREFAHECL LT b 0Th D, JFF DMSO BEYEEFRL TV
WICHEIERLZ SR Eakv, L, ZhOOKEI, BREREHORNEELTARY
DMSO BEHCRELETS L XORECHEMEE LD LT, FLANARCEVTREMSH
HEXE2 D ECEBE I LB, IBROKE: DMSO 0EBIZHEMRETHH, SHEIC

ﬁghf:#%'ﬁ'ﬁ) S
MECRBHR B e LU BY) e 2BV E L HRE Y HGC R ERFEFRFH HAETERRLC

E{B#HOBEEELZT,
x 3

1) Zell, S. 1978. Cryopreservation of gametes and embryos of salmonid fishes. Ann. Bio. anim.
Biophys. 18: 1098-1099.

2) Haga, Y. 1982. On the subzero temperature preservation of fertilized eggs. Nippon Sunsan Gak-
kaishi. 48: 1569-1572.

3) Harvey, B. and Ashwood-Smith, M. J. 1982. Cryoprotectant penetration and supercooling in the
eggs of salmonid fishes. Cryobiology. 19: 29-40.

4) Wittingham, D.G. and Rosenthal, H. 1978. Attempts to preserve herring embryos at subzero
temperatures. Arch, Fisch Wiss. 29: 75-79.

5) Harvey, B. 1983. Cooling of embryonic cells, isolated blastoderms, and intact embryos of the
zebra fish Brachydanio reio to —196°C. Cryobiology. 20: 440-447,

6) Fephk, FE Th. 1989, KEEME. FER, 28F. p. 184-185.

7) W BE. 1987. WEMRE. B, WIAEE. p.19-20.

8) Stoss, J. and Donaldson, E. 1983. Studies on cryopreservation of eggs from rainbow trout (Salmo
gairdneri) and coho Salmon (Oncorhynchus kisutch). Aquaculture. 31: 51-65.
9) TEHEH. 1974, {LEOFEGET 103 B, # o £ER LW EE. FA, BEiLE. p. 34-35.

RiEREME (DMSO) (Z3¥ 2 RINOMHE
FHEZ - B W B - BT

RETTELBPOMBSRAEL AR LT, HEREDHCH T2 8BOMELMBLEND S . HEFE
#E L LT DMSO #EU, == ADRRIPE L 2»0@ED DMSO B#ici#E L, DMSO BkEE
ERTROBMFEEHET IO PAICER L 7- DMSO ofictkET25 L # %, JIEoO DMSO &:EF
FEFEEL, I3 DMSO BEOREMELLH#E L7, FRTEBLAIPOETE LHEE LIy DMSO
WRE LB, JiED DMSO H@FHEEITE L% 2.0x107°~8.0x 10 %[cm/sec] T& h, JIFD DMSO Ep
BB XL 1~2.5molfl] L@ L7 L ¥, BERLEMCERTA EBETE,



