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The influence of Polyvinylpyrrolidone on Freezing of Bovine IVF
Blastocysts Following Biopsy

T. SUZUKI, 5. SAHA, C. SUMANTRI, M. TAKAGI, avp A. BOEDIONO

United Graduate School of Veterinary Sciences, Yamaguchi University, Yamaguchi 753, Japan

A stdy was conducted to develop a better freezing protocol for in vitre developed biopsied bovine blasto-
cysts. Biopsied blastocysts were exposed to 1.8 M ethylene glycol {(EG} + 0.05 M trehalose (T) and different
concentration (5, 10, and 20%) of polyvinylpyrrelidone (PVP). Exposure to the solutions alone did not affect
their in vitre development (Experiment 1). Experiments 2, 3, and 4 tested the viability of biopsied blastocysts
cryopreserved in 1.8 M EG + different concentrations of T (0, 0.05, 0.1, and 0.3 M), 1.8 M EG + different
concentrations of PVP (0, 5, 10, and 20%), and 1.8 M EG + 0.05 M T + different concentrations of PVP (0, 5,
10, and 20%), respectively. The proportion of biopsied blastocysts that reexpanded following cryopreservation
in .8 MEG+0.05MT (38.5%) and 1.8 M EG + 0.1 M T {36.1%) was significantly (P < 0.05) higher than the
proportion that reexpanded in 1.8 M EG + 0.3 M T (13.9%} (Experiment 2). The viability and the percentage of
embryos that developed to >250 pm in diameter in the 5, 10, and 20% PVP groups (77.8 and 50.0%, 78.1 and
43.8%, 76.9 and 65.4%, respectively) were significantly higher than those that developed cryopreserved without
PVYP (55.1 and 20.7%) (Experiment 3). Optimum development of in vitro culture of frozen—thawed biopsied
blastocysts was obtained using 1.8 M EG + 0.05 M T and 20% PVP. Analysis of blastocysts >250 pm in diameter
showed that the number of ICM cells of biopsied blastocysts cryopreserved in 1.8 M EG + 0.05 M T with or
without PVP was not different from the number of unfrozen biopsied blastocysts. These results indicate that PVP

has some beneficial effect on freezing of biopsied bovine blastocysts.

At present, the most practical and efficient
livestock embryo-sexing method is the one uti-
lizing the polymerase chain reaction (PCR) us-
ing Y-specific primers (14). In the context of
bovine embryo sexing, PCR has been used to
amplify male-specific DNA from embryo biop-
sies with a successful amplification product in-
dicating a male biopsy (embryo) (2, 7, 14, 18,
19, 25). Since microsurgical techniques are re-
quired to obtain blastomeres from the embryo
and around 4 h is required to obtain the test
results by PCR, it would be desirable to keep
these biopsied embryos at —196°C before trans-
fer. However, resulis to date indicate that the
viability of the biopsied or bisected bovine em-
bryo is reduced after cryopreservation (22). In
particular, bisection of frozen-thawed bovine
embryos resulted in decreased survival (13, 24).
The vse of bovine embryo bisection in conjunc-
tion with sexing has been reported (3, 19), but
there is littie information about the viability of
frozen—thawed IVF bovine embryos without a
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zona pellucida following biopsy. Embryos fro-
zen in ethylene glycol (EG) or propylene glycol
{PG) can be rehydrated directly in holding me-
dium without stepwise dilution of the cryopro-
tectant (21, 26). However, even for such perme-
able cryoprotectants as EG and PG it may be
necessary to include a low concentration of
sugar in the holding medium to protect the emn-
bryos from osmotic shock. Recently, Leibo and
Oda (10) reported that polyvinylpyrrolidone
(PVP) was effective for mouse embryo freez-
ing. The present study was aimed at developing
a freezing protocol for in vitro developed bi-
opsied blastocysts without a zona pellucida and
evaluating the viability of these biopsied blas-
tocysts following freezing in different cryopro-
tectant solutions.

MATERIALS AND METHODS
In Vitro Blastocyst Production

Ovaries were obtained from a local slaugh-
terhouse. Oocytes with a compact cumulus were
cultured for 20 to 22 h (38.5°C, 5% CO, in air)
in medium-199 (TCM-199 with Earle’s salts,
L-glutamine, 2.200 mg/ml sodium bicarbonate,
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and 25 mM Hepes; Gibco, U.S A.) supple-
mented with 0.01 mg/ml follicle-stimulating
hormone (FHS; Denka, Japan). The medium
was also supplemented with 5% superovulated
cow serum (SCS) collected on Day 7 from su-
perovuiated donors that produced good quality
embryos (11, 20). Frozen—thawed spermatozoa
were centrifuged twice in Brackett and Oliphant
medium (1) containing 2.5 mM caffeine and 20
pg/ml heparin and were then incubated with
mature oocytes for 5 h at 38.5°C and 5% CO, in
air. Cleaved embryos were cultured in culture
medium containing TCM-199 supplemented
with 5% SCS and 5 pg/ml insulin (Wako Ltd.,
Japan) (4, 6).

Blastocyst Biopsy

The biopsy medium used was PBS (Gibco)
(37°C) containing 5% PVP (MW 40,000;
Denka, Kawasaki, Japan). Grade 1 in vitro pro-
duced blastocysts (Day & embryos) were placed
in this medium for 10 to 15 min prior to micro-
surgery. Blastocysts were biopsied, removing
around 1/10 of the whole embryo, using the
scratched bottom technique (12). Cells were re-
moved from the trophectoderm. The zona pel-
lucida was removed from the biopsied blasto-
cysts and they were transferred to a cumulus
cell layer in a culture dish containing TCM-199
supplemented with 5% SCS, 5 pg/ml insulin
under paraffin oil and incubated (38.5°C, 5%
CO, in air) for 3 h prior to freezing.

Experiment [

This experiment was conducted to determine
the effects of exposure of the biopsied blasto-
cysts to different cryoprotectant solutions fol-
lowed by removal of the cryoprotectants. Blas-
tocysts were exposed to three cryoprotectant so-
lutions: A, 1.8 M EG + 5% PVP + 005 M
trehalose (T); B, 1.8 M EG + 10% PVP + 0.05
MT,and C, 1.8 M EG + 20% PVP + 005 M
T for 10 min at 25°C. After exposure, the em-
bryos in <5 wl cryoprotectant solution were
transterred directly to 2.5 ml of culture medium
to achieve direct rehydration and washed three
times. The embryos were then transferred to
culture wells and cultored on feeder layers of
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bovine cumulus cells in culture medium. The
proportion that developed to fully expanded
blastocysts and expanded blastocysts up to 250
pin diameter during 48 h culture was recorded.

Freezing of Biopsied Blastocysts

Cryoprotectant solutions were prepared in
moditied PBS (m-PBS), PBS supplemented
with 3 mg/ml bovine serum albumin (BSA,
fraction V; Sigma, U.S.A.). Biopsied blasto-
cysts were exposed at room temperature (25°C)
to the cryoprotectants, added in a one-step man-
ner, in Experiments 2, 3, and 4.

Experiment 2

Groups 1 (1.8 M EG (control}, 2 (1.8 M EG
+005MT),3(1.EMEG+0.1MT),and4
(1.8 M EG + 0.3 M T) were evaluated.

Experiment 3

Groups 1 (1.8 M EG (control), 2 (1.8 M EG
+ 5% PVP) 3 (1.8 M EG + 10% PVP), and 4
(1.8 M EG + 20% PVP) were evaluated.

Experiment 4

Groups 1 (1.8 M EG + 0.05 M T (control), 2
(1I8MEG+005MT+ 5% PVP), 3 (1.8 M
EG + 0.05 M T + 10% PVP), and 4 (1.8 M EG
+ 0.05 M T + 20% PVP) were evaluated.

In all the above experiments, biopsied blas-
tocysts were cultured for 3 h and then exposed
to the cryoprotectants for 5 min at room tem-
perature. Following this exposure, 5 to 10 em-
bryos were loaded into (.25-ml plastic straws.
After loading, the straws were placed in a pro-
grammable freezer (ET-1, Fujihira, Japan)
maintained at 0°C. Blastocysts were then cooled
to =7°C at a rate of 1°C/min, seeded at —7°C,
cooled again at a rate of 0.3°C/min to -30°C,
and then plunged into liguid nitrogen.

Biopsied and nonbiopsied blastocysts were
frozen using 1.8 M EG +0.05 M T + 20% PVP
with the same procedure as mentioned above.
The viabilities after thawing were compared.

In Vitro Viability Assessments

After a 7- to 14-day storage period in liquid
nitrogen, the cryopreserved straws were placed
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in air for 5 s and plunged into a 30°C water bath
for thawing. After thawing, cryoprotectants
were removed by the one-step procedure as de-
scribed in Experiment 1. Upon cryoprotectant
removal, embryos were transferred to a cumulus
layer as described in Experiment 1 and cultured.
Embryos were evaluated microscopically at 12
and 48 h. Embryos were classified after freezing
into two groups: those which reexpanded to less
than and those which expanded to more than
250 pwm in diameter after 48 h in culture.

Determination of ICM and
Trophectoderm Cells

After 48 h of colture, only the viable embryos
which developed to 250 pm in diameter were
stained. Immunosurgery and differential stain-
ing techniques as described in earlier reports (8,
23) were used to determine ICM and trophec-
toderm cell numbers. The blastocysts were in-
cubated in TCM-199 supplemented with 20%
rabbit anti-bovine lymphocyte antiserum for
30-35 min at 38.5°C. Subsequently, the em-
bryos were washed three times with TCM-199
supplemented with guinea pig complement and
5% SCS. Propidium iodide (Sigma) and bisben-
zimide (Hoechst 33342, Sigma) were added at a
final concentration of 10 pg/ml to the comple-
ment solution. Finally, the embryos were
washed in PBS with 3 mg/m! BSA and mounted
on a glass slide. ICM cells were separated from
the trophectoderm by placing a coverslip and
applving gentle pressure. Glass slides were then
examined under the fluorescence microscope
(filter 330-380 nm) for ICM cells. This resulted
in vital nuclei fluorescing blue (bisbenzimide-
positive) and nonvital nuclei fluorescing pink
(propidium iodide). Color photographs of all
ICM cells were taken and the number of viable
ICM cells was counted. The total numbers of
ICM and trophectoderm cells were also notad
following hypotonic treatment and Giemsa
staining.

Statistical Analysis

The viability of blastocysts at different times
after culture was analyzed by the x* test. The
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mean total ICM cells number and percentage of
live ICM cells of unfrozen and postthawed bi-
opsied blastocysts were analyzed by analysis of
variance (ANOVA). Differences at a probabil-
ity value (P) of 0.05 or less were considered
significant.

RESULTS

Table 1 shows the percentages of control em-
bryos and embryos exposed to the various cry-
oprotectants without freezing that reexpanded
and those that reached 250 win in diameter after
culture on a cumulus cell monolayer for 48 h.
There was no significant difference in viability
among treatment groups at any time point. Ta-
ble 2 shows the survival rate and the number of
blastocysts that developed to 250 pm in diam-
eter following cryopreservation in EG with dif-
ferent concentrations of T. The viability and the
number that expanded up to 250 um in culture
following cryopreservation in 1.8 M EG + 0.05
M T (744 and 38.5%) and |8 M EG+ 0.1 M
T (694 and 36.1%) were significantly higher
than those cryopreserved in 1.8 M EG + 0.3 M
T (4.7 and 13.9%). The survival rate and the
number that developed up to 250 um following
cryopreservation in 1.8 M EG and different con-
centrations of PVP are shown in Table 3. The
viability and the percentage of embryos that de-
veloped to 250 wm in diameter in the 5, 10, and
20% PVP groups (77.8 and 50.0%, 78.1 and
43.8%, 76.9 and 65.4%, respectively) were sig-

TABLE 1
Development of Solution Control Blastocysts Cultured on
Cumulus Cell Monolavers

Indication of embryo viability

at 48 h (%)
No. of Not
Medium® embryos expanded <250 pm® >25( wm*
Contrel 25 2(8.0) 6 (24.0) 17 (63.0)
A 23 3(43.0) 5217 15 (65.2)
B 26 1(3.8) 7 (26.9) 18 (69.2)
C 22 3(13.8) 4(18.2) 15 (68.2)

? Treatment A, 1.8 M EG+ 5% PVP+0.05M T;B. 1.8 MEG +
10% PVP + 0.05 M T; C, 1.8 M EG + 20% PVP + 0.05 M T (EG,
ethylene glycol; PVP, pelyvinylpyrrolidone; T, trehalose).

# Expanding to <250 wm in diameter.

¢ Expanding 10 >250 um in diameter.
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TABLE 2
Development of Biopsied Blastocysts Following Cryo-
preservation in 1.8 M Ethylene Glycol Supplemented with
Different Concentrations of Trehalose

Concentration No. of Nao. viable

of trehalose embryos at 12 h No. expanding
(M) treated (%) <250 pm (%)
0 26 15 (57.77 5(19.2)¢
0.05 39 29 (744 15 (38.5)
0.1 36 25 (69.4)° 13 (36.1)°
0.2 35 15 417" 5{13.9"

“€ Values within columns with different superscripts differ sig-
nificantly (P < 0.03).

nificantly higher than those cryopreserved with-
out PVP (55.2 and 20.7%). The viability and the
percentage of embryos that formed blastocysts
>250 um following cryopreservation in 3, 10,
and 20% PVP with 0.05 M T and 1.8 M EG
were 85.2 and 37.09, 91.7 and 41.7%, 93.9 and
69.7%. This was significantly higher than those
cryopreserved without PVP (64.3 and 35.7%)
(Table 4). Significantly (P < 0.05) more nonbi-
opsied blastocysts cryopreserved in 1.8 M EG +
005 M T and 20% PVP formed blastocysts
>250 um than the biopsied blastocysts (Table
5). The mean numbers of viable ICM cells of
control (unfrozen) biopsied blastocysts and
those cryopreserved in 1.8 M EG + 0.05 M T
with 0, 5, 10, or 20% PVP (53.6 + 16.6, 358
24.0, 37.8 £ 11.5, 44.5 £ 19.1, 45.3 £ 20.6,
respectively) were not different. No significant
differences were observed in the mean number
of trophectoderm cells among treatment groups
{Table 6} (P > 0.05).

TABLE 3
Development of Biopsied Blastocysts Following Cryo-
preservation in 1.8 M Ethylene Glycol Supplemented with
Different Concentrations of Polyvinylpyrrolidone (PVP)

No. of No. viable
Concentration embryos at 12 h No. expanding
of PVP (%) treated %) >250 wm (%)
0 20 16 (55.2)% 6(20.7¥
5 36 28 (77.8) 18 (50.09%
10 32 25 (78.1)° 14 (43.8)°
20 26 20 (76.9)° 17 (65.4°
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TABLE 4
Development of Biopsied Blastocysts Following Cryo-
preservation in 1.8 M Ethylene Glycol Supplemented with
0.05 M Trehalose and Different Concentrations of Polyvi-
nylpyrrolidone (PVP)

No. of No. viable
Concentration embryos at 12 h No. expanding
of PVP (%) treated (%) >250 pm (%)
0 28 18 (64.3)7 10 (357"
5 27 23 (85.2)° 10 ¢(37.00°
10 36 33917 15 (41,7
20 kk} 31 (93.9)° 23 (69.7)"

*F Vajues within columns with different superscripts differ sig-
nificantly (# < 0.0G3).

DISCUSSION

At 48 h culture in vitro, most normal or cryo-
preserved hatched embryos had developed to
more than 300 pm in diameter. These embryos
continued to expand, and the number of cells
increased (unpublished data). In this study we
assessed as viable those biopsied embryos that
were larger than 250 wm in diameter, because
the number of cells is decreased by biopsy.

Experiment 1 showed that embryos were not
harmed by exposure to EG + T with different
concentrations of PYP and subsequent dilution
of the cryoprotectants. It is well known that sug-
ars can be used as osmotic buffers to maintain
osmotic equilibrium between embryonic cells
and the external concentration of the cryopro-
tectant.

When the biopsied blastocysts were cryopre-
served in 1.8 M EG and various concentrations
of trehalose, the postthaw survival rate of bi-
opsied blastocysts frozen in 0.05 or 0.1 M T was
significantly higher than control (EG only) or
0.3 M T. This indicates that a low concentration

TABLE 5
Development of Biopsied or Nonbiopsied Blastocysts
Cryopreserved in 1.8 M EG Supplemented with 0.05 T and
20% PVP

Na. of No. viable
embryos al12 h No. expanding
Treatment treated (%) >250 pum (%)
.Biopsicd 20 20 (100.0) 18 (90.0)*
Nonbiapsied 20 16 (80.0) 12 (60.0)*

28 Values within columns with different superscripts differ sig-
nificantly {P < 0.03).

“b Values within columns with different superscripts differ |ig-
nificantly (P < 0.05),
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TABLE 6
The Mean (+8D} inner Cell Mass (ICM) and Trophectoderm (TE) Cell Number of Biopsied Blastocyst (Developed >250
wm in Diameter) Cryopreserved in 1.8 M Ethylene Glycol (EG) Supplemented with 0.05 M Trehalose (T) and Different

Concentrations of Polyvinylpyrrolidone (PVP)

Ne. of embryos

Treatment assessed ICM No. TE No. Total

Unfrozen 18 53.6+ 16.6 11621270 169.8 £31.1
A 20 358+ 17.8 113.4+£245 1492+ 28.6
B 22 3781115 94,51+ 335.5 132.3£39.2
C 18 4451 19.1 100.3£20.6 1448 £24.7
D 19 45.3+20.6 9334287 E38.6+32.8

“Treatment A, 1.8 MEG+ 005 MT; B, I8 MEG+005MT+5%PVP,C18MEG+0.05M T+ 10% PVP; D,
1.8 M EG + 0.05 M T + 209% PVP (EG, ethylene glycol; PVP, polyvinylpyrrolidone; T, trehalose).

of trehalose is most beneficial for the cryopres-
ervation of biopsied blastocysts. Trehalose
probably reduces or prevents osmotic shock
while the biopsied blastocysts are suspended in
the holding medium for direct rehydration. In
previous report (21), we suggested that 1.8 M
EG is ideal for the cryopreservation of bovine
embryos and for direct transfer into the female
reproductive tract. However, the present find-
ings indicate that inclusion of a low concentra-
tion of trehalose in the EG-based cryoprotectant
may improve the success rate.

Experiment 3 showed that PVP has a bene-
ficial effect on the cryopreservation of biopsied
blastocysts. Viability of postthaw biopsied blas-
tocysts frozen with PVP in EG (1.8 M) was
significantly higher than that of blastocysts fro-
zen with PVP. Optimum viability and cell num-
bers in biopsied blastocysts were obtained when
the embryos were cryopreserved in 1.8 M EG +
0.05 M T and 20% PVP. Ren et al. (16} reported
that PVP, polyvinylalcohol (PVA), etc., pro-
moted vitrification. Kasai er al. (9) used Ficoll
for vitrification of mouse embryos. Basically,
the explanation of high survival with vitrifica-
tion is that no ice forms either inside or outside
the cells, which results in high embryo survival.
In the present study, embryos were slowly
cocled in a low concentration of EG with PVP.
Leibo and Oda (10) reported that when PVP
was combined with a relatively low concentra-
tion of EG, it enhanced the cryoprotective prop-
erties of EG solutions, yielding high survival of
zygotes and embryos frozen either slowly or

rapidly. Carroll et al. (5) reported that fertiliza-
tion of mouse oocytes frozen in the presence of
PVA was significantly increased.

We also determined the viability of ICM and
trophectoderm cells using immunosurgery and
the differential staining technique described
earlier (8, 23). Takagi et al. (23) reported that
the viability of ICM cells of frozen—thawed bo-
vine embryos tends to be lower than that of cells
of unfrozen IVF embryos, irrespective of the
cryoprotectant used. In the present study, the
total numbers of viable ICM and TE cells of
biopsied blastocysts frozen in 1.8 M EG + (.05
M T with 0, 5, 10, and 20% PVP were signifi-
cantly lower than control. However, the num-
bers of biopsied blastocysts that expanded up to
250 pm in diameter following exposure to 20%
PVP were significantly higher than those for
other concentrations of PYP. These results sug-
gest that 20% PVP may play a beneficial role,
probably by forming a protective coating
around biopsied blastocysts during freezing and
thawing.

In conclusion, we have shown that (a) expo-
sure of biopsied blastocysts to 1.8 M EG + 0.05
M T and different concentrations of PVP did not
affect their development in culture and (b) the
cryoprotectant mixture containing 1.8 M EG +
0.05 M T and 20% PVP is better for the cryo-
preservation of biopsied blastocysts in the bo-
vine.

ACKNOWLEDGMENTS
This work was supported by a Grant-in-Aid for Scientific
Research (No. 05556049) from the Japan Ministry of Edu-



510

catton, Culture and Science. We thank Dr. C, Kozai, Insti-
tute of Nara-Prefectural Livestock Breeding in Japan for the
gift of a rabbit anti-bovine lymphocyte serum, We thank Dr.
R. Rajamahendran (University of British Columbia, Can-
ada) for critical evaluation of the manuscript,

13.

REFERENCES

. Brackett, B., and Oliphant, G. Capacitation of rahbit

spermatozoa in vitro. Biol. Reprod. 12, 260-174
(1975).

. Bredbacka, P.. Bredbacka, K., and Peippo, T. Experi-

ences of using PCR for sexing bovine embryos. Re-
prod. Domest. Anim. 26, 75-77 (1991).

. Bredbacka. P., Velmala, R., Peippo. J., and Bredbacka,

K. Survival of biopsied and sexed bovine demi-
embryos. Theriogenology 41, 1023-1031 (1994).

. Boediono, A., Takagt, M., Saha. S., and Suzuki, T.

Influence of day-0 and day-7 superovulated cow se-
rum during development of bovine oocytes in vifro.
Reprod. Fertil. Dev. 6, 261--264 (1994).

. Carroll, J.. Wood, M. )., and Whittingham, D. G. Nor-

mal fertilization and development of frozen—thawed
mouse oocytes: Protective action of certain macro-
molecules. Biol. Reprod. 48, 606-612 (1993).

. Goto, K., Kajihara, Y., Kosaka, 5., Koba, M., Nakan-

ishi, Y., and Ogawa, K. Pregnancies after co-culture
of cumulus cells with bovine embryos derived from
in vitro fertilization of in vitro matured follicular
oocytes. J. Reprod. Fertil. 83, 753-758 (1988).

. Herr, C. M., Holt, N. A., Mathaei, K.I.. and Reed,

K. C. Sex of progeny from bovine embryos sexed
with a rapid Y-chromosome detection assay. Therio-
genology 33, 247 (1990). [Abstract]

. lwasaki, S., Yoshida, Y., Watanabe, S., and Nakahara,

T. Differential nuclear staining and cell count of
trophectoderm and inner cell mass of bovine blas-
tocyst fertilized in vitro by double fluorochrome dye
techniques. Jpn. 1. Anim. Reprod. 36, 60-65 (1990).

. Kasai, M., Komi, J. H., Takakamo, A., Tsudera, H.,

Sakurai, T., and Machida, T. A simple method for
mouse embryo cryopreservation in a low toxigity
vitrification solution, without appreciable loss of vi-
ability. J. Reprod. Ferril. 89, 91-97 (1990).

. Leibo, 8. P., and Oda, K. High survival of mouse

oocytes and embryos cooled rapidly or slowly in
ethylene glycol plus polyvinylpyrrolidone. Cryvo-
Letr. 14, 133-144 (1993).

. Matsuoka, K., Sakata, S., Ichino, K., Shimaya, Y., and

Suzukt, T. Effect of superovulated cow serum for
culure of bovine oocytes to the blastocyst stage.
Theriogenology 37, 254 (1992). {Abstract)

. Mertes, P. C., and Bondioli, K. A. Effect of splitting

technique on pregnancy rate from half embryos.

Theriogenology 23, 209 (1985). [Abstract]
Niemann, H., Brem, G., Sacher, B., Smidt, D., and

Kransslich, H. An approach to successful freezing of

26,

21

22,

23.

24,

25

16.

SUZUKI ET AL.

demi-embryos derived from day-7 bovine embryos.
Theriogenology 25, 519524 (1986).

. Peura, T, Hyttien, J-M., Turunen, M., and Jinne, J. A

reliable sex determination assay for bovine preim-
plantation embryos using the polymerase chain re-
action, Theriogenology 35, 547-555 (1991).

. Picard, L., Schneider, U., Betteridge, K. J,, and King,

W. A. Effects of zona pellucida, agar embedding
and culture on the survival of micromanipulated bo-
vine embryos after freezing and thawing. J, IVF ET
5, 268-274 (1988).

. Ren, H. S., Wei, Y., Chua, T. C., and Zhang, J, Theo-

retical prediction of vitrification and devitrification
tendencies for cryoprotective solutions. Cryobiology
31, 47-56 (1994).

, Saiki, R. K., Gelfand, D. H., Stoffel, S., Schart, $.J..

Higuchi, R., Horn, G. T., Mullis, K. B., and Erlich,
H. A. Primer-directed enzymatic amplification of
DNA with a thermostable DNA polymerase, Science
239, 487-491 (1988).

. Schridder, A., Miller, J. R., Thomsen, P. D., Roschlau,

K., Avery, B., Poulsen, P., Schmidt, M., and Schw-
erin, M. Sex determination of bovine embryos using
the polymerase chain reaction. Anim. Biotechrol. 1,
121-133 (1950).

. Setiabudi, R., and Gustavsson, L. Establishment of em-

bryo sexing techniques in Sweden. Reprod. Domest.,
Anim. 26, 78-81 (1991),

Suzuki, T., and Shimohirp, 1. Cultivation i virro of
bovine embryos in a medium supplemented with bo-
vine serum collected 7-8 days after superovulation.
Jpn. [ Anim. Reprod. 31, 1-4 (1985).

Suvzuki, T., Takagi, M., Yamamoto, M., Boediono, A,
Saha, 5., Sakakibara, H., and Oe, M. Pregnancy rate
and survival in culture in vitro fertilized bovine em-
bryos frozen in various cryoprotectants and thawed
using a one-step system. Theriogenology 40, 651-
659 (1993).

Suzuki, T., Sakai, Y., Ishida, T., Matsnda, S., Miura,
H., and Itoh, K. Induction of twinning in crossbred
heifers by ipsilateral frozen embryos transfer. The-
riogenolegy 31, 917-926 (1989},

Takagi. M., Sakonju, L., Ooi, T., Hamana, K., and Su-
zuki, T. Postthaw viability of the inner cell mass of
in vitro matured/in vitro fertilized bovine embryos
frozen in various cryoprotectants. Cryobiology 31,
398405 (1994).

Takeda, T., Henderson, W. B., and Hasler, J. F. Deep
freezing of split and intact bovine embryos. Therio-
genology 27, 285 (1987). [Abstract]

Utsumi, K., Kamamoto, T., Kim, H., Iritani, A., Sakai,
A., and Komano, T. Sex determination of bovine
embryos by the polymerase chain uvsing Y-specific
primers. J. Reprod. Dev. 38, 35-43 (1992).

Voelkel, . A, and Hu, Y. X, Direct transfer of frozen—
thawed bovine embryos, Theriogenology 37, 23-37
{1992).



