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ABSTRACT. To characterize factors affecting the number of bovine oocytes recovered transvaginally, a regression analysis was performed
between the responsiveness to multiple-ovulation treatment and the number of oocytes recovered transvaginally. The number of embryos
recovered following multiple-ovulation treatment and the number of oocytes recovered transvaginally increased when the number of
follicles to be aspirated transvaginally increased (P<0.05, P<0.01). The number of cumulus-oocyte complexes recovered transvaginally
aso increased when the number of oocytes to be aspirated transvaginally increased (P<0.001). However, the number of viable embryos
that recovered following multiple-ovulation treatment had no relation to the number of cumulus-oocyte complexes recovered
transvaginally. These results suggested that more oocytes can be recovered from donors that have a high responsiveness to multiple-

ovulation treatment.—KEY WORDS: bovine oocytes, cattle, transvaginal aspiration.

Ultrasound-guided transvaginal aspiration of bovine
oocytes has been proven to be a successful and repeatable
technigue for the production of embryos and calves from
donors with normal estrous cycles[10, 12], problem donors
[14] and pregnant donors [15, 18]. Therefore, transvaginal
oocyte aspiration followed by in vitro maturation, in vitro
fertilization (1VF) and in vitro culture has been thought to
be a potential alternative to multiple-ovulation treatment.
However, the factors affecting the number of oocytes
recovered transvaginally are not as well understood as the
factors affecting the responsiveness of cows to multiple-
ovulation treatment. Recently, the responsiveness of cows
to multiple-ovulation has been shown to be partly
dependent on the number of small follicles (2- to 3-mm:
[11] or 3- to 6-mm diameter: [17]) at the onset of the
treatment. Furthermore, in our previous study, the
proportion of follicles at 3 to 5 mm in diameter per
aspirated follicle was more than 90% [8]. Thus, itis
thought that more oocytes can be recovered from donors
with a higher responsiveness to multiple-ovulation
treatment. If thisideaistrue, we can select donor cows that
have a high potential to produce more embryos following
transvaginal oocyte collection and IVF according to their
responsiveness to the multiple-ovulation treatment. To
assess this hypothesis, we examined the relationship
between the responsiveness of cows to multiple-ovulation
treatment and the number of oocytes collected by
transvagina follicle aspiration.

The donor cows used in the present study consisted of 11
Japanese-black-beef cows and 1 Holstein cow, ranging
from 2 to 17 years old. Multiple-ovulation treatment was
started at Day 9 to 11 (day of estrus=Day 0 of the estrous
cycle). Multiple-ovulation treatment for a cow consisted of
twice-daily intramuscular injections of descending doses of
follicle stimulating hormone (FSH: Antrin; Denka, Tokyo,
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Japan) for 3 or 4 days, starting with 3 to 6 AU, for atotal
dose of 18t0 30 AU. Cowsreceived either 75 mg dinoprost
(Pronalgon®F, Amersham Pharmacia Biotech, Uppsala,
Sweden) or 0.5 mg chloprostenol (Estrumate, Sumitomo
Seiyaku, Osaka, Japan) on day 3 of FSH treatment. Donors
were artificially inseminated 1 time, or 2 times at a 12 hr
interval, with frozen-thawed semen following the onset of
estrus.

Embryos were recovered 7 days after estrus as described
by Hasler et al. [9]. Briefly, using 2 way balloon catheters
(Fujihira Industries Co., Ltd., Tokyo, Japan), each uterine
horn was separately flushed with atotal of 500 ml modified
Dulbecco’s phosphate buffered saline (PBS) or Ringer’s
solution, containing heat-inactivated 1% newborn calf
serum (Gibco BRL, Life Technologies, Inc., Grand Island,
NY, U.S.A.). The recovered solution was rinsed through an
EM-con filter (Immuno Systems Inc., WI, U.S.A.) with
sterilized PBS. All embryos transferred into PBS containing
10% heat-inactivated newborn calf serum were evaluated
under a stereomicroscope (x 60) and classified according to
the manual of the International Embryo Transfer Society
[19]. Embryos classified as code 1 (excellent or good) or
code 2 (fair) were regarded as viable embryos. Embryo
collection was carried out from December 1996 to January
1999, and replicated 3 times.

Follicle aspiration was carried out as previously
described [7]. Briefly, 3- to 10-mm follicles were aspirated
from the donors used in the multiple-ovulation treatment,
within 1 year after the last multiple-ovulation treatment.
Oocytes were collected once aweek consecutively using a
5.0 MHz probe (UST-588U-5, Aloka, Tokyo, Japan)
attached to an echo camera (SSD-500; Aloka) with an
oocyte aspiration system consisting of an 18-gauge, 7-cm-
long disposable needle (Inner diameter: 0.9 mm, Fujihira
Industries Co., Tokyo, Japan), an aspiration line (a 60-cm-
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Table 1. The numbers of total and viable embryos recovered following multiple-ovulation, and the
numbers of oocytes and group 1 oocytes recovered by transvaginal follicle aspiration

Multiple-ovulation
Mean number per treatment + SEM

Transvaginal follicle aspiration

Mean number per treatment + SEM

Cow Embryos Viable embryos Number Follicles Oocytes Group 1
of trials aspirated oocytes*
A 100+ 20 6.0+ 0.6 5 74+10 24+09 18+04
B 130+23 7.3+38 5 122+10 38+x12 28+11
C 9.3+55 3.0+30 5 96+15 36+07 28108
D 40+21 0 5 80+0.7 16+05 1.0+04
E 170+ 89 73+38 5 120+ 24 66+17 6017
F 73120 43+24 4 53+06 23+09 15%05
G 10.7+£33 0 3 123+13 87+09 6.0x15
H 10.7+0.7 0 3 140+10 103%+09 63+09
I 33+12 0 3 57+03 10+06 1.0+06
J 20.3+2.2 13.7+£0.9 2 120+ 2.0 80+10 70zx10
K 83+33 33+28 2 30+10 200 100
L 13770 23+12 3 13.0+21 6.7+09 53+12

* Oocytes had at least 1 layer of cumulus cells.

long Teflon tube attached to a 120-cm-long tube with a
silicon bung, Fujihira Industries Co.) and a vacuum pump
(K-MAR-5000; Cook, Brisbane, Australia). The vacuum
was set at 40-mmHg (corresponding to a flow rate of 516-
pl/sec). The needle was rinsed with flushing buffer. The
flushing buffer consisted of 25-mM HEPES-buffered
synthetic oviduct fluid (without glucose, BSA or NaHCO,),
containing heat-inactivated 1% newborn calf serum and 10
units/ml heparin (H-3393; Sigma Chemical Co., St. Louis,
MO, U.S.A.). The aspirated follicular fluid and oocytes
were pooled in a 50-ml tube (Falcon 2098; Beckton
Dickinson Labware, NJ, U.S.A.) with flushing buffer.
Termination of aspiration of follicular fluid was determined
by the disappearance of follicles on the monitor.
Transvaginal oocyte collection was carried out from May
1997 to February 1999, and replicated 2 to 5 times.

The recovered oocytes were divided into 2 groups
according to the presence and the number of cumulus cell
layers surrounding the oocytes. Oocytes classified as
cumulus-oocyte complexes (group 1 oocytes) had at least 1
layer of cumulus cells and completely or partially denuded
oocytes; all other oocytes, i.e., those with expanded
cumulus cells or degenerated oocytes were classified as
group 2 oocytes. Oocytes surrounded by only 1 cumulus
cell layer have been shown to have the same developmental
competence as oocytes with 3 or more cell layers when
cumulus cells are added during in vitro maturation [6, 13].

The average numbers of total and viable embryos
recovered following the multiple-ovulation treatment are
shown in Table 1. Table 1 also shows the average numbers
of follicles aspirated, and the average numbers of oocytes
and group 1 oocytes recovered by transvaginal follicle
aspiration. We assessed the relationship between (1) the
number of embryos recovered following the multiple-
ovulation treatment and the number of follicles aspirated
transvaginally, (2) the number of follicles aspirated and the
number of oocytes recovered transvaginally, (3) the number

of oocytes and the number of group 1 oocytes recovered
transvaginally, and (4) the number of viable embryos
recovered following the multiple-ovulation treatment and
the number of group 1 oocytes recovered transvaginally.
These relationships were evaluated using a regression
analysis (StatView program 5.0; SAS Institute Inc., Cary,
NC, U.SA.). The applied model is as follows. The number
of follicles aspirated, the number of oocytes recovered
transvaginally and the number of group 1 oocytes recovered
transvaginally were each expressed as a linear function of
one of four variables, resulting in atotal of 12 equations of
the form f(x) = g, + a;X. The four variables x are (1) the
number of total embryos recovered following multiple-
ovulation, (2) the number of follicles aspirated, (3) the
number of oocytes recovered by transvaginal follicle
aspiration, and (4) the number of viable embryos recovered
following multiple-ovulation.

The number of follicles aspirated transvaginally
increased with increasing number of total embryos
recovered following the multiple-ovulation (f(x)=4.516 +
0.472x, P=0.0229, r?=0.419; Fig. 1). The number of
oocytes recovered transvaginally increased with increasing
number of follicles aspirated transvaginally (f(x)=-2.35 +
0.744x, P=0.0005, r>=0.714; Fig. 2). Moreover, the number
of group 1 oocytes recovered transvaginally increased with
increasing number of oocytes recovered transvaginally
(f(x)=0.087 + 0.726x, P<0.0001, r?=0.923; Fig. 3).
However, the number of viable embryos recovered
following multiple-ovulation did not affect the number of
group 1 oocytes recovered transvaginally (P=0.29).

The results of the present study indicated that there were
strong relationships among the numbers of follicles
aspirated, the number of oocytes recovered transvaginally
and the number of group 1 oocytes recovered
transvaginally. Thus, these results suggested that the
technical level used in this study was reliable and that the
number of group 1 oocytes recovered transvaginally is
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Fig. 1. Relationship between the number of total embryos
recovered following multiple-ovulation and of follicles
aspirated transvaginally.
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Fig. 2. Relationship between the number of follicles aspirated
and of oocytes recovered transvaginally.

dependent on the number of aspirated follicles, as shownin
a previous study [8]. From the data of the relationship
between the number of embryos recovered following
multiple-ovulation treatment and the number of follicles
aspirated transvaginally, it was suggested that the number
of follicles emerged in each estrous cycle is almost the
same for at least one year in the same donor cow, and is
regulated for each individual animal as suggested by Boni
et al. [1]. Therefore, the individual differencesin the
number of oocytes recovered transvaginally [5] may be
caused by differencesin the number of emerged follicles.
The responsiveness of cows to multiple-ovulation has
been shown to be partly dependent on the number of small
follicles at the onset of the treatment [11, 17] and to be
increased in donors with more than 10 small follicles [11].
In the present study, transvaginal oocyte collection was
carried out from follicles at 3 to 10 mm in diameter and the
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Fig. 3. Relationship between the number of oocytes and of group
1 oocytes recovered transvaginally.

proportion of follicles at 3 to 5 mm in diameter per
aspirated follicle was more than 80%. Therefore, it is
believed that the number of transvaginally aspirated
follicles per individual increases with increasing
responsiveness to multiple-ovulation treatment.
Consequently, the numbers of oocytes and group 1 oocytes
collected by transvaginal follicle aspiration increased with
increasing number of follicles aspirated.

No relationship was detected between the number of
viable embryos recovered following multiple-ovulation and
the number of group 1 oocytes recovered transvaginally.
The number of viable embryos recovered following the
multiple ovulation is affected by various factors including
the number of gonadotrophin injections per day [2], the
amount of gonadotrophin administered [4, 16] and so on.
Especially, it has been reported that endometritis decreased
the number of viable embryos [3]. On the other hand, the
number of group 1 oocytes recovered by transvaginal
aspiration is mostly dependent on the number of aspirated
follicles, rather than on the above-mentioned factors. Thus,
it is suggested that the number of group 1 oocytes recovered
by transvaginal aspiration is independent of the number of
viable embryos recovered following multiple-ovulation.

In conclusion, the results of the present study indicated
that more oocytes can be recovered from donors with a
higher responsiveness to multiple-ovulation treatment in
spite of the number of viable embryos recovered following
multiple-ovulation treatment. These results suggest that
transvaginal oocyte collection can be a powerful tool to
produce embryos and offspring from donors that have a
high responsiveness to multiple-ovulation with little
potential to produce viable embryos following multiple-
ovulation treatment. Thus, we can select donor cows that
have the potential to produce more embryos followed by
transvaginal oocyte collection and IVF technology
according to their responsiveness to multiple-ovulation
treatment.



650

S. HASHIMOTO ET AL.

REFERENCES

10.

Boni, R., Roelofson, M. W. M., Pieterse, M. C., Kogut, J. and
Kruip, Th. A. M. 1997. Theriogenology 48: 277—289.
Chupin, D. and Procureur, R. 1983. Anim. Reprod. Sci. 6:
11-23.

Elsden, R. P, Nelson, L. D. and Seidel, G. E. Jr. 1979. Theri-
ogenology 11: 17-25.

Halley, S. M., Rhodes, R. C. I11., McKéllar, L. D. and Randel,
R. D. 1979. Theriogenology 12: 97—108.

Hashimoto, S., Nagao, Y., Saeki, K., Seike, N. and Nagai, M.
1996. J. Jpn. Embryo. Transfer. Soc. 1996; 18: 206-210.
Hashimoto, S., Saeki, K., Nagao, Y., Minami, N., Yamada, M.
and Utsumi, K. 1998. Theriogenology 49: 1451—1463.
Hashimoto, S., Takakura, R., Kishi, M., Sudo, T., Minami, N.
and Yamada M. 1999. Theriogenology 51: 757—765.
Hashimoto, S., Takakura, R., Minami, N. and Yamada, M.
1999. Theriogenology 52: 131-138.

Hader, J. F., McCauley, A. D., Scermerhorn, E. C. and Foote,
R. H. 1983. Theriogenology 19: 83—99.

Hasler, J. F, Henderson, W. B., Hurtgen, P. J,, Jin, Z. Q.
McCauly, A. D., Mower, S. A., Neely, B., Shuey, L. S,

11

12.

13.

14.

15.

16.

17.

18.

10.

Stokes, J. E. and Trimmer. S. A. 1995. Theriogenology 43:
141-152.

Kobayashi, S., Syozu, S., Kawabe, K., Takagishi, M., Kato,
T., Fukui, Y. and Utsumi, K. 1997. Anim. Sci. Technol. 68:
45-53 (in Japanese).

Kruip Th. A. M., Pieterse, M. C., van Benden, Th. H., Vos, P.
L.A. M., Wurth, Y. A. and Taverne, M. A. M. 1991. \ft. Rec.
128: 208—-210.

Leibfried-Rutledge, M.L., Crister, E.S,, Parrish, J.J. and First,
N.L. 1989. Theriogenology 31: 61—74.

Looney, C. R, Lindsey, B. R,. Gonseth, C. L. and Johnson,
D. L. 1994. Theriogenology 41: 67—72.

Meinjtes, M., Bellow, M. S., Broussard, J. R., Paul, J. B. and
Godke, R. A. 1993. Theriogenology 39: 266 (abstr.)

Nelson, L. D., Seidel, G. E. Jr. and Elsden, R. P. 1979. Theri-
ogenology 11: 104 (abstr.)

Romero, A., Albert, J,, Brink, Z. and Seidel, Jr., G. E. 1991.
Theriogenology 35: 265 (abstr.)

Ryan, D. P, Blakewood, E. G., Swanson, W. F., Rodrigues, H.
and Godke, R. A. 1990. Theriogenology 33: 315 (abstr.)
Stringfellow, D. A. and Seidel, S. M. (eds.) 1998. Intern.
Embryo. Transfer. Society.



