965

Factors affecting the uptake of cryoprotective agents by fish eggs and

embryos

P ROUTRAY', T. SUZUKT, CA. STRUSSMANN? and R. TAKATI'

"Department of Food Science and Technology. (routray30@yahoo.co.in) and Department of Aquatic Biosciences, Tokyo University of
Fisheries, Konan 4-5-7, Minato-Ru, Tokyo 108-8477, Japan

KEY WORDS: Cryoprotective agent, DMSO, Egg and Embryo, Medaka, Pejerrey

INTRODUCTION

Gryopreservation of fish eggs and embryos has not been
acoomplished yet and one of the major reasons seems to be the
inaufficient impregnation with cryoprotective agents’™ The
complex structure of these materials, including their large size,
amount of yolk, is an obstacle to the uptake of pemmeating
aryoprotectants such as dimethyl sulphoxide (DMSO).? Likewise,
little is known about the biological and physical factors that affect
membrane permeability in fish eggs and embryos. In this sy,
we evaluated the suitability of eggs and two embryo stages for
cryoprotectant impregnation and the feasibility of manipulating the
temperature, hydrostatic pressure, and the osmotic conditions
duning impregnation to promote the uptake of DMSO by fish eggs
and embryos.

MATERIALSAND METHODS

Eggs and embryos of medaka (Oryzias latipes) and pejenrey
(Odortesthes bonariensis), two freshwater species that spawn
relatively large demersal eges, were used in this study. Unfertilized
eggs were collected by gentle stripping the abdomen (pejerrey) of
by dissection (medaka). Embryos were obtained by allowing the
femakes to spawn naturally in the presence of males. Afier
collection, nommally developing embryos were selected and
incubated until the desired stage. To compare the uptake of DMSO
by the different materials, 10-30 unifertilized eggs, 8-cell (2 hr) and
eyed (56 days) embryos of medaka were immersed for 1,3,5, 10,
15 and 20 min in a 1.2M DMSO solution in Yamamoto ringex
After impregyation, the inkemal DMSO concentrztion (G) of 5-8 eggs or
arbrys per goup was amdyzed by high peromance liguid
chrometography (HPLC) following the methods of Suzki et ol The
rmrnngegesandembryos were used forviabiity estimetion. Unfertlized

eggs were irseminated and visbility was scored 6 hr afler adtivation in fresh
water. Survival of embryos was estimated after incubation for
10-11 days. The same protocols were used to investigate the effects
of the temperature, hydrostatic pressure, and osmotic conditions
during impregnation on cryoprotectant uptake. The influence of
temperatire was exarmined by impregnating 8 cell pejenrey embryos
in 1.5M DMSO at temperatures of 0, 5, and 20°C. Unfertilized eggs
and eyed embryos of medaka were impregnated with 25M
DMSO in a pressure vesse! under 0 and 50 atm (at 20°C) to
investigate the effect of hydrostatic pressure. For osmotic
manipulation, 8cell pefemey embryos were first partially
dehydrated for 1 or 3 min in a 1M solution of the low permeating
disaocharide trehalose and then impregnated with 1.2M DMSO.
Each experiment was repeated 34 times. The significance of the
differences in G, between experimental and aontiols gioups was
analyzed by ANOVA. Fettilization/survival rates were compared with the
Yates continuity comrected Chi-square test

RESULTS

“The inifial uptoke rae and maximum DMSO Cwere higher in mectka
ermbryos than in eges and increased with embryonic development (Fig
1A) However, the G, of eyed ermbrycs rermeined constnt afier 5 min
Vibiltty retes were approximetely smilarin the three groups Theuptake of
DMSO and viability of 8<ell pejerrey embryos were directly and
inversely proportional 1o the impregnation temperature, respectively
(Fig. 1B). Elevated hydrostatic pressure promoted DMSO uptake
but caused rapid loss of viability in unfertilized eggs of medalka; in
contrast, it had no measurable effect on eyed embryos (Fig. 1C).
Partial dehydration of 8-cell pejerrey embryos in trehalose solution
prior 0 impregnation significantly increased the DMSO Gy, in

* comparison to untreated controls without any significant effect on

the survival rates (Fig. 1D).
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Fig, 1 Bffects of various factors on the uptake of DMSO (G;; dark symbols)and
fertilization/survival rates (white symbols) of fish eges and ermbryos. The spedies
and DMSO concentraion during impregretion are shown in the panels. Datashown
as mean + SE; conesponding values with different letters vary significantly
(P<005). A: Egg or embryo stages; A, unfertilized eges; B 8-cell embryos; @,
eyed embryos. B: Temperatire; A, 0°C; ML 5°C; @, 20°C. C: Hydrostatic
pressure; #, eyed ermbryo, O atm; @, eyed erbryo, S0 atrm; A, unierilized ege, 0
atrn; M, unfertilized egg, 50 atmy D: Osmotic conditions; A, control; Il 1 min
dehycration; @, 3 rrin dehydration

DISCUSSION
This study showed that unfertilized eggs took up less

cryoprotectant. than embryos during impregpation with 1.2M
DMSO (at 0 atmy), even though the former are structurally simpler than

the latter. However, this frend was reversed under a DMSO
ooncentration of

25M and evenmore so at S0 atm. The exact reason

for this difference in uptake between eggs and embryos according to
the impregnation concentration is unknown but it could be related 1o a
lower tolerance of the eggs to DMSO? and the passive entry of
cryoprotectant due to damaged membrane sites and non-viable cells.
Differential tolerance and loss of viability could be responsible also for
the dramatic increase in DMSO uptake in the eggs under 50 atm.
However, eggs impregnated under 50 atm for 3-5 min showed higher
DMSO G, and survival rates than those kept for periods as long as 20
min but at 0 atm. In 8-cell embryos, elevated hydrostatic pressure
improved DMSO uptake without loss of viability (P. Routray et al,
unpublished results). Thus, from the point-of-view of impregnation,
different stages seem to differ in suitability for cryopreservation. Also,
hydrosiaic pressure seerms 1 alier membrane permeabllity in fish egps and
embryos bt iseffocts are stage- and probebly ako concertration-dependert. The
had ackeareffoct on the uptake of DMSO. The proportional upiake of DMSO
with temperatire by 8-cell embryos resermbles the improved uptake by mouse
and humanerchryos &t 30°Cin comparison o 0or-3°C2 Asexpected, partial
dehydration of the embryos prior to impregnation greafly enhanced the
uptake of DMSO. It was assumed that an osmotic differential caused
by dehydration might facilitate the uptake of watesbome DMSO during
impregnation. This, the resuls of this study indicate that hydiostatic pressure,
ternperature of impregnation and the csmoticaonditions of the materials canbe
manipulaied © increase the uptake of ayopokedtant and perhaps kead ©
successfill ayopreservation of fishegps andembryos.
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