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Summary

This paper reviews the most important steps that have generated consistent progress in principles and

developmental progress of embryo cryopreservation, and also study on freezing procedure and its application

by conventional method and current improved method for freezing procedure and its application of embryo

cryopreservation in farm animals. Four were of particular interest:

1.

The transport of water across the cell membrane (zona pellucida) during freezing and thawing accordingly
plays a role in determing whether the cell survives. This movement of water is controlled mainly by ex-
tracellular phase changes and by the nature and concentration of any cryoprotective agent present. The
rates of cooling, freezing and warming, and the intervals over which they are applied are further decisive
factors in determining whether a cryopreservation procedure allows survival after thawing.

The first successful deep freezing experiments with sheep morula and blastocysts during the seventies
were based on the early procedures used for mouse embryos. Current research during the eighties is
developed with the aim of simplifying and improving current procedures such as one-step dilution and
rapid or ultra-rapid cooling by using the model of laboratory animals.

The conventional method for the embryo cryopreservation is described. An alternative to this method
which may result in high survival and also in reducing of the freezing and thawing time is done by combing
a permeable cryoprotectant such as glycerol, DMSO or propanediol and a non-permeable compound such
as sucrose, trehalose, raffinose or lactose.

Finally a different approach to the preservation of embryos, named vitrification, is introduced. This
procedure depends upon the ability of concentrated solutions of cryoprotective agents such as glycerol
and propanediol to supercool to very low temperature (—196°C) during rapid cooling before solidifying
without formation of ice. However, more complete data are necessary for successful vitrification of blasto-

cy'sts.
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Effect of cooling on mouse 1-cell em-
bryos. At seeding temperature ice is
induced to form outside the zona pellu-
cida. If further cooling is at an optimum
rate (around 0.2°C/min), no visible ice
forms within the embryo, which becomes
shrunken. If the cooling rate is 10° or
1000°C, ice forms within the embryo,
and at the faster rate in the zona pellu-
cida (Mazur, 1970)
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L shgd el (Leibo i, 1970 ; Mazur &5, 1970).

HIGH
HIGH CONCENTRATION OF
GLYCEROL OR DMSO Table 1. Effect of cooling to a temperature be-
’_] tween room temperature and 0 C on
< subsequent development in culture of
E : 8-cell pig embryos
=4 \
2 N Lowest temperature
(C)
LOW CONCENTRATION 5 10 15 20
LOWLOW — No. developed 0 0 16 13
COOLING RATE No. cultured 20 18 19 16
Fig. 2. Glycerol or DMSO protect at low freez- % developed 0 0 84 81
ing rates, but not at rapid rates (Farrant,
1980). (Wilmut, 1986)

Table 2. Percent morphologically intact embryos of various species using an identical cryopreservation

protocol
Cattle Sheep Pig Rabbit

Mo Bl Mo Bl Mo Bl Mo Bl

Total n 28 36 22 15 10 10 109 21
Morpholog. n

intact 27 34 11 14 0 0 73 13

% 96.5 94.4 50.0 93.3 0 0 67.0 61.9
Mo = morulae, Bl = blastocysts (Niemann, 1988)
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Table 3. Interespecies variation in developmental stages that survive between conventional and rapid

cryopreservations
Conventional cryopreservation Rapid or ultra rapid cryopreservation
Species Develop. stages References Develop. stages References
Mouse Unfertilized oocyte Whittingham 2-8 cell Rall & Fahy, 1985
etal, 1972 Rall et al., 1987
1-8 cell, morula, Wilmut, 1972 Morula & early Miyamoto & Ishibashi,
blastocyst Whittingham, blastocyst 1986
1974, 1977 Sheffen et al., 1986
-Rat 2-8 cell Whittingham, Compacted morula, Chupin, 1986
1975 expanding basto-
cyst
Rabbit 2-8 cell, morula, Whittingham & 2 cell Vincent et al., 1988
blastocyst Adams, 1974,
1976
Maurer, 1977
Sheep Morula, blastocyst Willadsen et al., Day 6%-7% McGinnis, 1989
1974, 1976, 1977
Compacted morula  Trounson, 1976  Morula, expanded Chupin, 1987
blastocyst Willadsen, 1980 blastocyst Massip et al., 1987, 1989
Wilmut et al., 1975
Horse Early blastocyst Yamamoto, 1982

Slade et al., 1984
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Table 4. Effect of embryo quality on conception rate after transfer of cattle embryos with or without

freezing and thawing

Embryo Direct transfer Frozen and Proportion surviving
quality thawed freezing and thawing
1 217/276 (78.6) 238/340 (68.8) 87.5
2 43/68 (63.2) 30/66 (45.5) 71.2
3 20/48  (41.7) 3/11 (27.3) 65.5
Overall 74.7
(Wilmut, 1986)
FHet 82 XMz2lel 7IEYY OM
11¢
Feaebe] A Hepgdald by o L‘l Ab-gslar 0.5M
ol t~ ] &ul ] (Conventional method) - 7« b sl v 10+
Loob gban estoef kel Al 7Hﬁ! R
sat glel, 1
GLYCEROL
1. #&X2l Myt (Selection of emhryos) 8t CENCENTRATIONS(M)
shof b 4l ef a‘r’.rf;oﬂ*l bl kg aal
slo) 730 ef Gal] <] gzl g Talglow o <4 —1.0M

b sllebabel, Al

o]

O i

vl (

Sl A excellent (gra-

ab 4 sl
My
4

des 1) el b good (grades 2)
Sl g

71 Hl(;nt <1

Table 4).

m3i%X|2| (Equilibration in cryoprotective
solution)

.

defl ol Bk Ak él

detel 44

- MOPB

W delvl #laalh vl

71 §1ah

’]

Y 1 L FC S (modified duebaccos

3

phosphate-buffered salinejel 1.5 M glycerol v 4!

2] 1-2M(10~20%) glv-

2.0

solution effect 7 402 wbos o5
sk oH(Wiklmut, 1986
A1 g-el| 4|

ol geell

gk ooy Fig 3.4 ¢

cerol -5 ol

& & el
ch ’:" S

SRR EEE

[

op 10~30 -4k A

vh

sl /‘ e

s A8l

[ER
i

3. =Z *{2|({Controlled cooling)

w4l o g z| v

,/] .2] /]]

R

; -
Aalal b skl

Mool ‘” ol

ol Mg

[

SALTS CONCENTRATION (wt%)

1.5M

2.0M

0 N s N s :

0 _10 -20 -30 -40 -50 -60 -70

TEMPERATURE (°C)

Fig. 3. Effect of glycerol concentration on the
concentration of salts in phosphate—
buffered physiological saline cooled to
subzero temperatures (Wilmut, 1986).

ﬂanvhf'ﬁﬂﬂilﬂ&%ﬂhliHHfﬂ
Sooll 4] —f——TC A} 1T A AR

- {super cooling) 4171 <) 3 ) 2k ;5"“]()':117) holding

shol &) =4l ekt 2lelan gbis Eents g o) Alice
seeding) o] 5|04 Fghel Seeding b ol-far
dulel voghsl sgedol Atdl el Aladell



l

ALz o
vo L

S Ao vy Fabdal 28wl
a7l $lal 41 o)) (Fig. 4).
alef ) Fob 0.25~0.4C %

oAl alale) G

—
T

30T ~—38

2-5ofl 4] holding sl Sivk/l —196C =H d] < 4]

of W LAk},

0
9
o210 SAMPLE
o TEMPERATURE
)

% BATH

é -20F TEMPERATURE

=

€3]

=

-30F

TIME ——

Fig. 4. Effect of supercooling on sample tem-
perature when the sample was held in a
cooling bath without seeding (Wilmut,
1972, 1986)

4. BT ZT7{(Storage condition)

B Bt I LU N ] B
T T B L U GC | B
ol elabw ojsl ghe] w fxl =4uloo gl g
glogal A fel sbgshvbar sFSivl. Loy slgh
Gl (1) el ¢ s @ wlds il ol
el b Al

5. 72X 2| (Controlled warming)

Aelal et 7 dabl ot el ol et g
Loshoi el fleled - zju] sk vfFck(Table 5,6
2 7).

I e B . S FRE ] S SOOI IS
I Aeslel g elv <4k Bov] b ampales of

T ML g (420

Liostrawsol] ubo wleks]ul e

C~+37C) 5l N 2] 7l

B0 Al 7E(G~10 ) vl =)k

Table 5. Effect on survival of sheep embryos
of varying the rate of warming and the
temperature from which the samples
were transferred to liquid nitrogena.P

Rapid

Transfer Slow
temperature warming warming
°C) (4°C/min) (360°/min)
—30 - 2/5  (40)
—36 0/5 (0) 7/10 (70)
—42 2/15 (13) 4/15 (27)
—48 8/20 (40) 7/20 (35)
—54 15/20 (75) 6/20 (30)
—60 12/18 (67) 4/20 (20)

2 Morulae and blastocysts in the presence of 1.5 M
DMSO were cooled at 0.3 or 0.1°C/min to one of the
temperatures shown (See Willadsen, 1977, for de-
tails.)

bProportion of embryos surviving with the percentage
shown in parentheses

Table 6. Effect of warming rate on survival of
8-cell mouse embryos cooled at 0.5°C/
min to -80°C in the presence of 1.5 M
glycerol :

Warming rate
(°C/min)

2

No. of embryos (replicates) 131 137 108

ORI )]
% survival (mean * SE) 86.0 80.6 75.4
+25 +41%*49

(Rall and Polge, 1984)

Table 7. Effect of warming rate on the survival
of 8-cell mouse embryos cooled at
0.5°C/min to -65°C in the presence
of 1.5 M propylene glycol

Warming rate

(°C/min)
2 256 500 800
‘No.embryos
(replicates) 114 120 116 77
(6) 6y (5 (5)
% survival 73.6 70.5 83.1 69.5
(mean * SE) t44 +4.3 *3.9 +4.2

(Rall and Polge, 1984)
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Table 8. In vitro survival of day 4 embryos vitrified after 10 min at ambient temperature in the equali-

bration medium

Stage of No. of embryos frozen/thawed In vitro

development (no.replicates) (%) g
Compacted morula 136 (17) 80.1 0.08
Early blastocyst 151 80.8 0.049
Blastocyst 223 (10) 39 0.199

Table 9. Results of 3 months gestation after
transplantation non-surgically with vitri-
fied embryos

Stage of Gestations/Embryos .
development vitrifies °
Late morulas or 42
early blastocysts 16/ 38.1
Blastocysts 0/13 0.0

(Massip, 1987, 1989)
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Fig. 8. Schematic representation of the dif-
ferent steps of the vitrification pro-
cedure (Massip et al., 1987).



o] 4 (Table 8)%F 44uwj } &
A (80%) 8- Fov} wjubE 79 -

(39%) & ol 4t aHg st 154 o)

HH}—'} 7] o] /H

4 q}- 54 4

L S O o Lo
A fes

sl A Sl 3y S-vF o F 34 (Chupin,  1987)
b Ao} of M AbR| ot gHEoe] slyjx o A
= wH; O*EP wepd fspel] olak  gAubwye
sl ppd- Abale] HEE I glaink AgAdal mo
] gfﬁ hAbS ol 58] Aejubyal Mo Aol
AgE kel T7b glojok &b Aojr}
z £

Hoflalys 2Rl Harsl Aol w o] HEl w4
dANE gt el A8 E9 iy, wbely)
ok A e 8l ol gupyel] olsle]  slEuby st
Hat ARl Mkl S Falo i Akshed o)

Lo Ak Aot (Fyda)s S 8
of elgo] FAek HTAHE AYshl: T odd
foghel el Eo slzelA wslel L4y
SADSAL] Frol o8 zaxv] Wby HA
FE, FAEEIL 24704 7tAe] A Al 99
o] =},

2. 7hEe] A atell gk Aled s 1970 4
el mlofell 4] wh9-~ A uke] FAUWS s)xE

Mubslglel 1980w ol S

Solof AlglEE S R

sbel ek SRR b wep gl el 2ol 4l
ol wbw 5 1ebAl g Aab §% v aabs 5
Aajel s},

3. Azl FAAe 0 lEubdedl ofste] v%
sheleh AEugel 7 % g2 Folw o
FHS =Zolv] 213 HOWS,‘O,.;&". glycerol, DMSQ,
propanediol 2+ 2% A . % 4| 9} sucrose, treha-
lose, raffinose, lactose 79 w|al4-4d w o Al
Abgow vhAls) e Ak i 1ohAl 84y s
Sach,

f. AL felsbemed aAelas o

toabo] 4o s9d k.

T

HHalk $H40 54 5 glycerolmk propanediol ¢
A EE A4 Al D (—196T ol FE 4
7oz wAe] AR of 4lof] 'Trﬂ]h’»ookgf it
Yebe BAsch wkEle] Fageel el
ool ok Wshe]l g7 Rlch

b

O
o

a

0

1979. Stability of the
amophorus state in the system water 1-2 propane-
diol. Cryobiology, 16:557-568.

Chupin D. 1986. Quick freezing of rat and cow embryos

Boutron P and Kaufman A.

after dehydration at room temperature, Workshop

on embryos and oocytes freezing. In: Y. Menezo
and Ch. Merieux (Editors), Collection Fondation
Marcel Merieux, Lyon, pp.165-176.

Chupin D. 1987. Quick freezing of day 7 bovine blato-
cysts: Optimum parameters of dehydration step.
Theriogenology, 27:219.

Doebbler GF. 1966. Cryoprotective compounds. Review
and discussion on structure and function. Cryobio-
logy, 3:2-11.

Farrant J. 1980. General observation on cell preserva-
tion. In: Low temperature preservation in medi-
cine and biology. Ditman medical (Ashwood-
Smith, M.J. & Farrant, J. eds) pp.1-18.

Johnson MH and Pickering SJ. 1987. The effect of di-
methyl sulfoxide on the microtublar system of
the mouse cocyte. Development, 100: 313-324.

Kasai M, Niwa K and Iritani A. 1980. Survival of mouse
embryos frozen and thawed rapdily. J. Reprod.
Fertil., 59: 51-56.

Ko Y and Threlfall WR. 1988.

propanediol as a cryoprtectant on the freezing of

The effects of 1,2-

mouse oocytes. Theriogenology, 29: 987-995.
Lehn-Jensen H. 1986. Cryopreservation of bovine em-
bryos: An evaluation of factors influencing the sur-
vival of day 6.5-7.5 embryos during freezing and
thawing. A/S Carl. Fr.
pp.17-30.
Leibo SP. 1983. A one-step in situ dilution method for

Mortensen, Copenhagen,

frozen thawed bovine embryos. Cryo-Letters,
4:387-400.

Leibo SP. 1984. A one-step method for direct nonsur-
gical transfer

Theriogenology, 21:767-790.

Leibo SP. 1985. Field trial of one-step diluted forozen-

frozen-thawed bovine embryos.

thawed bovine embryos: An update. Theriogeno-
logy, 23:201.



Leibo SP. 1986. Commercial production of pregnancies
from one-step frozen-thawed bovine embryos.
Theriogenology, 25:166.

Leibo SP and Mazur P. 1978. Methods for the preserva-
tion of embryos by freezing. In: J.C. Daniel
(Editor), Methods in Mammalian Reproduction.
Academic Press, New York, NY, pp.179-201.

Leibo SP. Farrant J, Marzur P, Hanna MG and Smith
LH. 1970. Effect of freezing on marrow stem cell
suspension: Interactions of cooling and warming
rate in the presence of P.V.P., sucrose or glycerol,
Crlobiology, 6:315-332.

McGinnis LK. Duplantis, SC, Jr. Waller SL and Youngs
CR. 1989. The use of ethylene glycol for cryopre-
servation of sheep embryos. Theriogenology,
31:226.

Massip A and Sohneider U. 1986. Osmotic response of
preimplantative mouse and bovine embryos and
their cryobiological implications cell. Biophysics,
8:259-284.

Massip A. Van der Zwalman P and Ectors F. 1987.
Recent progress in cryopreservation of cattle
embryos. Theriogenology, 27:69-79.

Massip A, Van der Zwalmen P, Scheffen B and Ectors
F. 1989. Some significant steps in the crypre-
servation of mammalian embryos with a note on
a vitrification procedure. Anim. Reprod. Sci., 19:
117-129.

Mazur P. 1963. Kinetics of water loss from cells at sub-
zero temperatures and the likelifood of intracellu-
lar freezing. J. Gen. Physicol., 47:47-369.

Mazur P. 1970. The freezing of biological systems.
Cryobiology, 168:939-949.

Mazur P. 1977. Slow-freezing injury in mammalian cells.
In: The freezing of mammalian embryos. (Elliott,
K. & Whelan, J. eds.). Ciba Found. Symp. No. 52.
Elsevier, Amsterdam, pp.19-42.

Mazur P, Farrant J, Leibo SP and Chu EHY. 1969. Sur-
viual of hamster tissue cells after freezing: Interac-
tion between protective solutes and cooling and
warming rates. Cryobiology, 6:1-9.

Mazur P, Leibo SP, Farrant J, Chu EHY, Hanna MG
and Smith LH 1970. Interaction of cooling rate

warming rate and protective additive on the sur-

vial of frozen mammalian cells. In: The frozen
cell. (Wolstenholeme C.E.W. & O’Connon, M. eds.)
Ciba Found. Symp. Chulchill, London, 69-85.

Meryman HT. 1966. Review of biological freezing.
In: Cryobiology. (Meryman, H.T. ed.). Academic
Press, N.Y. pp.1-144.

Meryman HT 1971. Cryoprotective agents. Cryobiology,
8:173-183.

Miyamato H and Ishibashi T. 1983. Solid CO, freezing
of mouse embryos. J. Reprod. Fertil.,, 67:107-111.

Miyamoto H and Ishibashi T. 1986. Liquid nitrogen
vapour freezing of mouse embryos. J. Reprod.
Fertil., 78:471-478.

Moor RM and Crosby IM. 1985. Temperature induced
abnonmalities in sheep oocytes during maturation,
J. Reprod. Fert., 75:467-473.

Niemann H. 1988. Recent results of freezing experi-
ments with embryos from farm animals. Work-
shops on embryos and oocytes freezing, Coolec-
tion Fondation Marcel Merieux, pp.195-204.

Pickering SJ and Johnson MH. 1987. The influence of
cooling on the organization of the meiotic spindie
of the mouse oocyte. Human Reprod., 2:207-216.

Polge C, Smith AU and Parkes AS. 1949. Revival of
spermatozoa after vitrification and dehydration
at low temperatures. Nature (Lond), 164:666.

Rall WF. 1986. Embryo cryopreservation: Current
application prospects for the future. In: Proceed-
ings of the Annual Conference on Artifical Inse-
mination National Association of Animal Breeders,
Denver. Colorado, 48-52.

Rall WF. 1987. Factors affecting the survival of mouse
embryos cryopreserved by vitrification. Cryobio-
logy, 24:387-402.

Rall WF, and Polge C. 1984, Effect of warming rate
on mouse embryos frozen and thawed in glycerol.
J. Reprod. Fertil., 70:285-292.

Rall WF and Fahy GM. 198S. Ice-free cryopreservation
of mouse embryos at -196°C by vitrification.
Nature, 313:573-575.

Rall WF, Reid DS and Farrant J. 1980. Innocuous

biological freezing during warming. Nature, 286:



511-514.

Rall WF, Wood MJ, Kirby C and Whittingham DG.
1987. Development of mouse embryos cruopre-
served by vitrification, J. Reprod Fertil., 80:499-
504.

Rapatz G, Sullivan JJ and Luyet B. 1968. Preservation

of erythrocyte in blood containing various cryo-
protective agents, frozen at various rates and
brought to a give feral temperature, Cryobiology,
5:18-25.

Renard JP. 1985. The cryopreservation of mammalian
embryos. In: J. Testard and R, Frydman (Editors),
Human Fertilization In Vitro, Actual Problems
and Prospects. Elsevier, Amsterdam, p.201.

Renard JP. 1986. La congelation de 'embryon humain.
Medecine/Science, 2:26-34.

Renard JP, Heyman Y and Ozil JP. 1982. Congelation
de embryon bovin: Une nouvelle methode de
decongelation pour le transfert cervical d’embryons
conditionnes une seule fois en paillettes. Ann.
Med. Vert. 126:23-32.

Renard JP, Bui Xuan Nguyen N and Garnier V. 1984.
Two-step freezing of two-cell rabbit embryos
after partial dehydration at room temperature. J.
Reprod. Fertil., 71:573-580.

Richards DW, Sikes JD and Murphy CN. 1988. Nonsur-
gical transfer and the survival of frozen-thawed
bovine embryos supplemented with raffinose.
Thriogenology. 29:296.

Scheffen B, Van Der Zwalmen P and Massip A. 1986.
A simple and efficient procedure for preservation
of mouse embryos by vitrification. Cryo-Letters,
7:260-269.

Schneider U and Mazur P. 1984. Osmotic consequences
of cryoprotectant permeability and its relation
to the survival of frozen thawed embryos. Therio-
genology, 21:68-79.

Slade NP, Takeda T Squires EL and Elsden RP. 1984.
Development and viability of frozen-thawed
equine embryos. Theriogenology, 21:263 (Abstr.).

Smith AU and Polge C. 1950. Storage of bull sperma-
tozoa at low temperatures. Vet. Rec., 62:115-
116.

Smorag Z, Katska L and Wierzchos E. 1981. Some fac-
ters affecting the viability of mouse and cattle
embryos frozen to —40°C before transfer to liquid
nitrogen. Anim. Reprod. Sci., 4:65-72.

Smorag Z, Katska L and Wierzbowski S. 1981. Some
factors affecting the success of embryo-freezing:
Storage before freezing, superovulation rate, PBS
concentration, cooling and thawing rates. In:
G.H. Zeilmaker (Editor). Frozen Storage of Labo-
ratory Animals. Fischer, Stuttgart, pp.45-53.

Smorag Z. Katska I.. Skrzyszowska M and Wieczorek
B. 1986. Freezability of oocytes and embryos of
laboratory and domestic animal. In: Y. Menezo
and Ch. Merieux (Editor), Work-shop on embryos
and oocytes freezing. Collection Fondation Marcel
Merieux, pp.59-77.

Szell A and Shelton IN. 1986. Sucrose dilution of gly-
cerol from mouse embryos frozen rapidly in liquid
nitrogen vapour. J. Reprod. Fertil, 76:401-408:

Szell A and Shelton IN. 1987. Osmotic and cryoprotec-
tive effects of glycerol-sucrose solutions on day-3
mouse embryos. J. Reprod. Fertil. 80:309-516.

Takahashi Y and Kanagawa H. 1988. The role of lactose
in quick freezing of mouse embryos. Theriogeno-
logy, 29:315.

Trounson A, Peura A and Kirby C. 1987. Ultra rapid
freezing; A new low-cost and effective method of
embryo oryopreservation. Fertil. Steril., 48:843-
850.

Trounson A, Willadsen SM. Rowson LEA and New-
comb R. 1976. The storage of cow eggs at room
temperature and at low temperatures. J. Reprod.
Fertil.,, 46: 173-178.

Van Der Zwalmen P, Gaurois B, Ectors F-J, Touati,
K. Massip, A. and Ectors F. 1988. Some factors
affecting successful vitrification of mouse blas-
tocysts. Theriogenology, 30:1177-1183.

Van Der Zwalmen P, Touati K, Ectors FJ, Massip A,
Beckers JF and Ectors 1989. Vitrification of
bovine blastocysts. Theriogenology, 31:270.

Vincent C, Heyman Y. Garnier V and Renard JP. 1988.
Cryopreservation of ovulated rabbit oocytes:

Cryoprotectant effect on microfilament and



microtubule organization. Cryobiology, 25:100-
102.

Whittingham DG. 1974, The viability of frozen thawed
mouse blastocysts. J. Reprod. Fertil,, 37:159-162.

Whittingham DG, Leibo SP and Mazur P. 1972. Survi-
val of mouse embryos frozen to —196°C and
-129°C. Science N.Y., 178:411-414. '

Willadsen SM. 1977. Facors affecting the survival of
sheep embryos during freezing and thawing. In:
K. Elliot, I. Whelan, Ciba Found. Symp. No. 52,
The freezing of Mammalian Embryos. Elsevier,
Amsterdam, pp.175-201.

Willadsen SM. 1980. Deep freezing of embryos in the
large domestic species. In: Proc. 9th Int. Cong.
Anim. Reprod & Al., Madrid II: 255-261.

Willadsen SM, Polge C, Rowson LEA and Moor RM.
1974, Preservation of sheep embryos in liquid
nitrogen. Cryobiology. 11:560 (Abst.).

Willadsen SM, Polge C, Rowson LEA and Moor RM.
1976. Deep freezing of sheep embryos. J. Reprod.
Fertil., 46:151-154.

Wilmut I. 1972. The effect of cooling rate, warming

rate, cryoprotective agent and stage of develop-

ment on survival of mouse during freezing and
thawing. Life Sci., 2:1072-079.

Wilmut 1. 1986. Cryopreservation of mammalian eggs
and embryos. In: Developmental biology, a com-
prehensive synthesis (vol 4), manipulation of mam-
malian development (Gwatkin, R.L. eds.) Plenum
Press. pp.217-247.

Wilmut I, Polge C and Rowson LEA. 1975. The effect
on cow embryos of cooling to 20.0 and -196°C.
J. Reprod. Fertil., 45:409-411.

Wittingham DG. 1981. Sensitivity of mouse embryos to
the rate of thawing. In: G.H. Zeilmaker (Editor),
Frozen Storage of Laboratory Animals. Fischer,
pp.21-32.

Wood MJ and Farrant J. 1980. Preservation of mouse
embryos by two-step freezing. Cryobiology, 17:
178-180.

Yamaoto Y. Oguri N, Tsutsumi Y and Hachinohe Y.
1982. Experiments in the freezing and storage
of equine embryos. J. Reprod. Fertil. (Suppl.)
32:399-403.

AT NV ST U o RS B8/ Y7L IRTE i ST A 02 Sl TN 1
LT LEERS o b a0 FUEOIETE, 40:7-11

-13-



