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Table 1. Influence of glycerol equilibration method on in vitro survival rate of bovine blastocysts after freezing

and thawing (Exp. 1)

Method of Survivors % (No. survival /No. of embryos)
equilibration Day 7 Day 8 Day 9 Total
One Step 63.4 (9/14) 50.0 (6/12) 40.0 (4/10) 52.82b (19/36)
Three Step 429 (6/14) 333 (4/12) 30.0 (3/10) 36.1° (13/36)
Gradient 85.7 (12/14) 75.0 (9/12) 60.0 (6/10) 75.0a (27/36)
Survivors % of each Day 64.3¢c (27/42) 52.8<d (19/36) 43.34 (13/30)

b Means with different superscripts in the same column were significantly different (P<0.05, t-test). <4 Means
with different superscripts were significantly different (P<0.05, t-test). Experiments were replicated four times.
One Step: Directly plunged into 10% glycerol solution. Three Step: Equilibrated with 3.3%, 6.7% and 10%
glycerol solution. Gradient: Four different concentrations of glycerol solution were loaded in a small test tube;

10%, 6.7%, 3.3% and 0% from the bottom to the top.

Table 2. Influence of glycerol equilibration method on pregnancy, abortion and twinning rate of bovine
blastocysts after freezing and thawing (Exp. 2)

Method of No. of No. pregnant No. of No. of normal No. of
equilibration recipients (%) abortions (%)? calving (%)b twinning (%)¢

One Step 58 20 (34.5) 2 (10.0) 18 (90.0) 2 (11.1)

Gradient 61 25 (41.0) 3(12.0) 22 (88.0) 4(18.2)

Means were not significantly different with chi-square test (P>0.05). 2 Abortion rate (number of abor-
tions/number of pregnancies).  Normal calving rate (number of normal births/number of pregnancies).

¢Twinning rate (number of twin births/number of calving).

BEARFEEERTEAHDICAVWAEO% U LO—
B (10%CSHMPBS(+)) MBEE$315.240.92 mOsm.,
BLUT10% T )R- NBHEDEEE I 2359.4 = 10.07
mOsm. TH - 7. RRERLIBORETIE, 0% 7V tO—
IViE#&315.2 mOsm. LRk EREH%316.0 mOsm. TH -
7=, 10, 20, 3044 B%E, #h Fh321.0, 328.4, 330.2
mOsm. EBFEINIRBE EHICEIITE K-, BTHD
BEEEE, 22652 mOsm. & 10% 7 U =0 —JLi&HE 2359.4
mOsm. D 4%FEE < & - 124", 10, 20, 30 X AEIZ, *
n¥h 22542, 22514, 2251.0 mOsm. ¥ BRI/ EBLT
LIFEAEELREDP . FERTCERALAZHT TR
ABRECEHL -BEARFEORLEEPORTHBECI
H55ecmDE N HY, FERHBEVHDTH 10972,
ROBEVWHDOTHI7 REICRTEISEL £,

ER2 . FREAASBROBHEER

J)EA-IOFEAREFSRRICRITZTHE X Table 2
R U7, 1 BEEFEROSIEL 34.5% (20/58), BES
EFEXOFEIL 41.0% (25/61) T, HEZE (P> 0.05,
rPtest) BED oo 1 BETEX & BE AR FEX O FE
FIFE10.0% & 12.0%, WFH/HBERIEZ11.1%E182% T
HEE (P>0.05 yitest) WEH -1,

Z =

YO RNSHEEE U tO-WFEET I, FEEED
BVIRREOEERICHEL, REIRTEHX I IRET
BXICHE L THRICRIFTH >4 (Table1). 1EBRETEE
REBEIRTEXORICHEREYBD SN T, SRETE
XOEBFEERIEL > ZBEEE LT, KRR TCEHLTORT
FUEO—ILOFEIFRIL 205 & L, BARIICLZ E
YURGEE10% 7 ) EO—ILBRICEET 3188, 3045
FRELELEINRTVS. 20D 1 BRETEHK & BE IR
TFHERBREPTH->LDIIH L TERRO 3SEEFHER T
E10% 7V tO-WBERICEET 2BEIEL, £HER
B - 7-ATHEM D $ 5. £ /= Niemann™d 9 S ERFET1EE
FEFHEX & SEETFEROERER, TRES S VEBTHEES
&L, HEEZERLEV P IRTOARATIEREFEROAEY» R
WFThoEEHEL TV, £AEERRMICHKL =
R, REAREERIIERLVELS5 A, oBEROLTE
RiELr % L L, KERICEVWTIRBEROEERIE
2EROEEERBETH DT, EREODFHRABZILE
B¥2cLidvesEaont.

T BEAREEERICAVAEZ10% 7 U 0 —ILE%D
REE 323594 mOsm. TH - =DT, TOEEHERT B &



70 — J. Mamm. Ova Res. Vol.18, 2001

BRTOBMASERL R T4%TEE LY, TO%ILEIE
WA h3Z b o/ I0DBBEDBKRECELTS
ZEBLP-DT, EBFIREARIANZI I EWE
holEEZLNE.

EER2DER (Table2) &V, 2RBEICEEZEIEBDH SN
B, RANEEROEFRTHIXRIOER I SBES
REEER A SREENET SOEMEPRE S h /- TEMNL
BAEAOEEBHEEICLSFHREILI7.0%EBELTSH
W, AEBROZREIREFEFERTH.0%E, 7%
FREHWVAEChSOREICEBELTIRZETH-1-. BiE
BHREEAIBHEBIETORHy P Ens, SHEFTE
THAHIATWCERDN S, RERICEXOZGEL, @
XEEET5E11.1% (5/45) T, 7 HNZHERE RV
Hasler 5 ™3 11% &, /-7 S KK £ BV 7= Dochi 5 16
MOBECEBLTHRIERKEDETH - 7.

NSRRI T S EREICER U THERESEL S
19, RERRBEOT HRASERIE T CERERICHERLT
TREHFEN EFPBESNL TV, ERMEOEZWIE, 1§
NEBBERHIPZLTHEWIEERLTVREEZSN, U
HENBREOBEEBHEEICLIZRERSSICALE Y
37-0iCi, BEREBEEBADZZETCHREERLEZESZ
EEMRMNERBEERBTIENEEELEEZILNS.
5%, IFLLFYI-NLETYO-ILUSOTHRET
FEARFEEEHITL TV E 2L,

i

BREOFITICEL T, HBAVEEWAEELMER, X
BEFE, MMEERSE, FB OBRK, THHERK, WOFK
K, EFHEMKICRECERLET. BERBRCHB OV ALEZW
ERHNEAEVEILETREOBRFICECRBLET. &

MEO—&IE, REZHINBERMATESOBKICLY)
fibht.

X ®

1) Massip, A., Van Der Zwalmen, P. and Ectors, F.
(1987): Recent progress in cryopreservation of cattle
embryos. Theriogenology, 27, 69-79.

2) Suzuki, T., Yamamoto, M., Ooe, M., Sakata, A.,
Matsuoka, K., Nishikata, Y. and Okamoto, K. (1990):
Effect of sucrose concentration used for one-step dilu-
tion upon ir vitro and in vivo survival of bovine em-
bryos refrigerated in glycerol and 1,2-propanediol.
Theriogenology, 34, 1051-1057.

3) Dochi, O., Imai, K. and Takakura, H. (1995) :Birth of
calves after direct transfer of thawed bovine embryos
stored frozen in ethylene glycol. Anim Reprd Sci.,
38:179-185.

4) Voekel, S.A. and Hu, Y.X. (1992): Direct transfer of

5)
6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

frozen-thawed bovine embryos. Theriogenology, 37,
23-37.

TELFE (1997) I BEIASHI B 2 RERDOHEDBIK.
HANEREHEAMERE. 19: 34-37.

TEH 2 (1985) @ ¥ itk RN 2R . FE R
i, 31 (5): 56-61.

MR B KRBT - DAREZE - TR - BRI
(1991) : BREEARRE - FENIE BRI L OIIERICLD
5 & h /- RS SR R TR R AR D B RO 5 3 Rl
Met, 37 (3):177-184.

Parrish, J.J., Parrish, J.L., Leibfried-Rutledge, M.L.,
Crister, E.S., Eyestone, W.H. and First, N.L. (1986):
Bovine in vitro fertilization with frozen-thawed se-
men. Theriogenology 25, 591-600.

Niwa, K. and Ohgoda, O. (1988): Synergistic effect of
caffeine and heparin on in-vitro fertilization of cattle
oocytes matured in culture. Theriogenology 30, 733—
741.

Brackett, B.G. and Oliphant, G.(1975): Capacitation
of rabbit spermatozoa in vitro. Biol. of Reprod., 12,
260-274.

Kuzan, F. B. (1986): Techniques for freezing mam-
malian embryos. 33—-34, The Animal Reproduction
laboratory, Colorado State University.

B B KRBT - LA (1990) 1 v DERSZHE
DHEE, FKE O - HHE (SaARETHE)  pp. 171-183,
REXEHRASH, H.

SHAELT (1990) : SRHIND BAEIRAT - FARR, K& D FHH
EHRE GAARZBITRE) , pp. 85-94, REXBHASH,
B

Niemann, H. (1985): Freezing of bovine embryos: Ef-
fects of a one-step addition of 1.4 M glycerol.
Theriogenology, 23, 369-379.

Hasler, J.F., Henderson, W.B., Hurtgen, P.J., Jin,
7Z.Q., McCauley, A.D., Mower, S.A., Neely, B., Shuey,
L. S., Stokes, J.E. and Trimmer, S.A. (1995): Produc-
tion, freezing and transfer of bovine IVF embryos and
subsequent calving results. Theriogenology, 43, 141—
152.

Dochi, O., Yamamoto, Y., Saga, H., Yoshiba, N., Kano,
N., Maeda, J., Miyata, K., Yamauchi, A., Tominaga,
K., Oda, Y., Nakashima, T. and Inohae, S. (1998): Di-
rect transfer of bovine embryos frozen-thawed in the
presence of propylene glycol or ethylene glycol under
on-farm conditions in an integrated embryo transfer
program. Theriogenology, 49, 1051-1058.

WL B - S W (1999) ¢ U L BRERROEE M,
H AR EHERS. 21: 28-34.

Pollard, J.W. and Leibo, S.P. (1993): Comparative
cryobiology of in vitro and in vivo derived bovine em-
bryos. Theriogenology, 39, 287.

Leibo, S.P. and Loskutoff, N.M. (1993): Cryobiology
of in vitro-derived bovine embryos. Theriogenology,
39, 81-94.



EFEEZ,» —T1

Effect of Cryoprotectant Gradient Equilibration Method on In Vitro Survival Rate and

Pregnancy Rate of Bovine IVF Blastocysts

Yutaka Kajihara', Atsurou Hira?, Ryouhei Nitta? and Yoshihiko Nakanishi
'Faculty of Agriculture, Kagoshima University, Kagoshima 890-0065 and ?Technical Research Center, Marubeni Shiryo Co.,

Lid., Ono, Hyogo 675-1355, Japan

The objective of this study was to examine the
cryoprotectant gradient equilibration method for the sur-
vival rate and pregnancy rate. Day 7 to 9 embryos
(fertilization=0) were randomly allocated and equili-
brated in (A) a one step equilibration group directly
plunged into 10% glycerol solution, (B) a three step
equilibration group with 3.3%, 6.7% and 10% glycerol
solution or (C) a gradient equilibration group as four dif-
ferent concentrations of glycerol solution were loaded in
a small test tube: 10%, 6.7%, 3.3% and 0% from the bot-
tom to the top. In Exp. 2, day 7 and 8 embryos were
randomly allocated to (A) and (C) groups. After 20 min,
the embryos from each group were transferred into 10%
glycerol with 0.2 M sucrose solution, and then loaded
into 0.25 ml plastic straws. The straws were frozen in an

alcohol bath type freezer. The straws were thawed in a
38°C water bath after 10 second air thawing. In Exp. 1,
embryos were incubated with TCM199 and 5% calf se-
rum for 48 h in a 38.8°C incubator. In Exp. 2, straws
containing embryos were non-surgically and directly
transferred into cow uterus. The in vitro survival rate of
the gradient equilibration group was higher (P<0.05)
than that of the three step equilibration group. The sur-
vival rate of day 9 embryos was lower (P<0.01) than day
of 7 embryos. The pregnancy rates of the gradient equili-
bration group tended to be higher than those of the one
step equilibration group.

Key words: Bovine, Embryo, Gradient, Cryopreservation,
Direct transfer.



