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In Vitro Fertilization and Embryo Culture in Immature Rats

induced to Superovulate
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I . Introduction

Techniques for the induction of superovulation
are in common use in the livestock industry
particularly when large numbers of embryos are
required for embryo transfer. However, the use
of gonadotropins for superovulation resulted in
a reduction in fertility in large domestic animals
(Seidel, et al., 1978;
1983) as well as in small laboratory animals

Armstrong and Evans,

(Beaummout and Smith, 1975;
Armstrong, 1981).
(1975) shown that ovulation induced in im-

Miller and
Nuti, Sridharan and Meyer

mature rats by a single injection of PMSG,
could be followed by normal pregnancy but
superovulatory does of PMSG (40IU) resulted in
partial or complete infertility(Miller and
Armstrong, 1981).

When the large superovulatory dose of PMSG

was injected in immature rat, superovulated



oocytes were ovulated at the earlier phase after
PMSG,
major source of the increased ovum abnormality
(Elizabeth et al., 1983; Lee et al., 1988). In

an in vitro study, a lower percentage of normal

and this precocious ovulation was a

1-cell ova was recovered from the superovulat
ed rats compared to control animals(Elizabeth
et al., 1983), and there was also a reduction in
fertilization rate im wvitro when superovulated
oocytes were assessed (Evans et al., 1984) .
However, in these two studies no attempt
was made to determine the exact proportion of
fertilization in vitro and subsequent embryo
development. It was therefore of interest to
determine whether the impairment of fertility in
superovulated rats was due to a reduced
fertilization rate iz vitro and subsequent embryo
The effect of petri dish and

plastic mini-straw as culture vessels on the

development.

embryo development in vifro was also inves-

tigated.

II. Materiais and Methods

1. Preparation of cocytes and sperm

Immature rats were injected subcutaneously
with 4, 8, 16 and 40 IU PMSG (Peamex, Japan)
in 0.2ml saline. All animals were killed 70~72h
after injection, which was known shortly after
normally expected time of ovulation. The
ovaries and oviducts were dissected out in D
-PBS. The swollen ampullae were torn open
carefully with fine forceps. The surrounding
cumulus mass cells prevented assessment of
but the

experiments were

oocyte morphology at this stage,
oocytes used in these
morphologically normality derived from a
population which had already been subject to
selection against abnormal ova(ova without
cumulus mass and/or fragmented ova) dischar-
ged.

recovery and

The processes of oocytes

insemination were completed within 5 minutes
following sacrifice, beacause the delayed insemi-
nation of longer than 5 minutes might be
associated with premature activation of the egg
(Keefer and Schuetz, 1982). The oocytes from
each animal were transferred to a separate dish
containing fertilization medium and were kept
in a humidified atmosphere with 5% CO, at
37C. The cauda epididymidis of a mature male
rat was removed aseptically, and some of the
large distal coils were cut. A drop of the
compacted spermatozoa was lifted away with a
fine glass needle and transferred to one of the
petri dishes(35X10mm, Corning) containing 0.5
ml of m-KRB, and allowed to disperse for 5
minutes. These sperm suspensions were kept in
59% CO, for 5h for capacitation. Fertilization
dishes containing 0.4ml suspension medium
covered thinly with liquid paraffin oil were
infused with 20~40g! of the sperm capacitated
suspension under oil. The final sperm concen-
tration was in the order of 0.1~1X10°ml.

2. In vitro fertilization and confirmation

The method for im witro fertilization and
suspension medium used were basically same as
Toyoda and Chang(1974)
Armstrong (1984) . Fertilization of oacytes in

and Evans and

dish or straw were examined with phase
~contrast inverted microscope(X400) about 20h
after insemination. Qocytes were considered
fertilized if they had two pronuclei(Fig. 2. A)
and/or at least on sperm tail in the vitellus
(Fig. 2. B), and those with more than one
sperm tail in the vitellus were classed as
polyspermic. The other ova were classed as one
-cell unfertilized, or degenerate if they dis-

played fragmentation or abnormal structure.

3. Culture and transfer of embryos fertilized
in vitro
Two types of vessels were used for culture of

in vitro fertilized ova over 66~72h after



insemination. One was petri dish as described in
the section of sperm suspension, The other
vessel used was a particularly designed plastic
The 0.25ml

plastic straw for frozen semen (length : 124mm,

mini-straw as shown in Fig. 1.

OD: 0.2mm) was siliconized and the ends were
cut to be 100mm in full length. The mini-straw
or petri dish containing the oocytes and/or
zygotes were transferred to a fresh medium
20~24h after insemination, refilled again in the
straw, and incubated for further 40~48h for
development to the advanced cell stage.

The embryos of 2 to 16cell stage showing the
blastomeres of similar size were assessed as
morphologically normal under microscope. The
ova fertilized in wvitro at two-cell stage 40h
after insemination, were transferred into the

fimbriated end of the oviducts of pseudo-

Cotton plug
Medium
+— 5% CO,

-~ O ~ O =~

Sperm + oocytes
in Media

[mini-straw]

Fig. 1. A design of culture system for in
vitro fertilization and subsequent
embryo culture with plastic min

-straw.

pregnant female rats. About six to eight eggs
were transferred to one of the oviducts. After
transfer, the vaginal smears of these recipients
were examined daily to determine the reproduc

tive phase afterwards.

4. Statistical analysis
Comparision between groups were made using

x? analysis.

[I[I. Results and Discussion

1. In vitro fertilization rates

The in witro fertilization rates of the oocytes
from superovulation with the PMSG dosage of
4, 10, 16 and 40IU were observed 70.8, 69.7,
52.4 and 45.0%, respectively(Table 1). The
percentage of oocytes fertilized declined with
increased dose of PMSG; significantly (P<0.
05) between PMSG 4~10IU and 16~40IU.
Considerable proportions of the ova were
penetrated by more than one spermatozoa in all
the groups of rats. The proportion of polysper-
mic penetration varied from 2.2 to 9.7% among
groups. There was found no significantly direct
relationship between the dosage of PMSG and
the incidence of polyspermy of the oocytes
superovulated. Of the unfertilized oocytes, an
increase in the percentage of the degenerate
oocytes was observed in the 16 or 40IU groups
compared with those treated with 4 or 101U

Table 1. In vitro fertilization of morphologically normal oocytes at 20h after insemination in
immature rats induced to superovulate with various doses of PMSG.

Dose of Oocytes No. and(%) of oocytes
PMSG (IU) examined Fertilized , Unfertilized
Polyspermic

normally or degenerate

4 96 68(70.8)® 6(6.3)° 22(22.9)2

10 89 62(69.7)° 2(2.2)® 25(28.1)®

16 103 54(52.4)° 10(9.7)8 39(37.9)®

40 258 116(45.0)® 21(8.1)¢ 121(46.9)®

Figures with different superscripts in the column are significantly (P<0.05) different.



PMSG.

The present study confirmed that the results
of Evans and Armstrong (1984),
that the

significantly decreased

who reported

in  wvitro fertilization rates were
in the oocytes super-
ovulated with the higher dosage of PMSG, and
increased in the percentage which were degener-
ate. In our experiment, despite of the oocytes
derived from a population which had alreadly
been subject to selection of abnormal ova
discharged, the percentage of oocytes fertilized
declined with increasing dose of PMSG. It is
apparent that at least some of these oocytes
resulted from early ovulations, probably caused
by the direct LH-like effect of large doses of
PMSG (Kostyk et al., 1978).

This early ovulation might be occurred over a
considerable time period(Elizabath et al.,
1983 .

not occur for at least 36h after ovulation.

Lee et al., 1988) and degeneration may

Therefore, the decreased fertilization seen in
superovulate rats may be partly due to oocytes
ovulated 48~64h after PMSG injection; thus

resulting in ageing of a greater proportion of

oocytes in the rats on higher doses of PMSG.

In the present experiments, the oocytes
ovulated early do not seem to account fully for
the low rate of fertilization in 16 and 40IU
PMSG. However, the possiblity remains that
significant numbers of abnormal oocytes were
ovulated at the normal time of ovulation. In
PMSG

stimulation has been shown to affect the

other i vitro fertilization studies,
incidence of chromosomal anomalies in mice

(Maudlin and Fraser, 1977).

2. Cleavage rates of in vitro fertilized ova by
PMSG dose and culture vessel

Table 2 shows the cleavage rates of ova at
66~72h postinsemination i wvitro by the types
of culture vessel and by the dosage of PMSG
for superovulation treatment. Of the rat oocytes
transferred to the preincubated sperm suspen
sion, the group mean percentages of ova
fertilized and cleaved in vitro were ranged from
48.3 to 64.4% among treatments at 66~72Zh
after postinsemination,
significantly (P<0.05)

and they were not

different among the

Table 2. Effects of culture vessel and superovulatory PMSG dose on development in vitro of
fertilized ova for 66 to 72h after in vitro insemination.

No. of ova developed 9% ova developed

Culture PMSG No.of ova No. O,f .ova to cell stage of to cell stage of
vessel dose examined® unfertilized

119)) or degenerate 2 4 8 16 2-16 4-16
Petri 4 68 25 37 6 0 0 63.2 8.8
dish 16 72 28 38 7 0 0 61.6 9.6
40 263 136 111 16 0 0 48.3 6.1

Total
/mean 404 189 186 29 0 0 53.22 7.20
Straw 4 39 14 21 2 2 0 64.1 10.3
16 121 43 5 12 2 5 64.4 15.7
40 186 75 73 21 2 15 59.6 20.4

Total
/mean 346 132 153 35 6 20 61.8° 17.6°

*Only the oocytes with cumulus mass were used for in vitro fertilization.
Different superscripts between culture vessels denote a significant different(P<0.05).



groups of PMSG dosage. Evans and Armstrong  found no significant difference in cleavage rates

(1984) also reported the cleavage rates similar of ova between superovulatory PMSG dases.

to the result of present study. and they also Although the various factors concerning in

Fig. 2. A, B:In vitro fertilized rat ova at 20h after insemination(ST : sperm tail, PN:
pronucleus, PB : polar body, X400). C,D,E: In vitro fertilized rat embryos of various
development stages observed after in vitro culture in a particularly designed mini
-straw for 72h following insemination in vitro. F . Two young rat from a recipient
mother transferred with in vitro fertilized ova.



vitro fertilization and embryo culture in domes-
tic animals have been discussed (Wright et al.,
1981}, in witro fertilization and/or subsequent
embryo culture in a mini-straw system used in
the present study, however, have not been
reported. In our experiment, compared with the
percentage of ova cleaved to 4 or advanced-cell
stage in the petri dish(6.1 to 9.6%), a
significantly higher (P<(0.05) cleavage rates of
ova were obtained in a particularly designed
culture vessel of mini-straw system(10.3 to 21.
4%). Some fertilized i vitro ova could be
developed to 16 cell stage in the culture vessel
of mini-straw as shown in Fig. 2 C-E. It was
often difficult to distinguish normally cleaved
embryos from fragmented ones by the tech-
niques used in the present study.

Evans and Armstrong (1984) gave no data for
embryo development to more than 2-cell stage
in their experiment of iz wvitro fertilization and
subsequent development of rat ova. Toyoda and
Chang(1974) reported that cleavage beyond the
two cell stage was not achieved even after the
change of medium and subsequent culture for
another 28 to 32h. Although the reasons for
superior result from mini-straw system to petri
dish as a culture vessel are not clear, the sperm
and ova for im vitro fertilization and the
fertilized ova in mini-straw system might be
better protected from contamination, detrimen-
tal gases and pH fluctuation in the incubator,
as compared with the culture system using petri
dish.

3. Transfer resuits of in vitro fertilized ova

A total of 52 two-cell eggs fertilized in a mini
-straw were transferred to seven pseudo-
pregnant rats. Among these recipients, two
normal youngs(Fig. 2. F) were born on Day 23
from one recipient which received a total of six
eggs. Such a low conception rate of recipient

rats transferred with in vitro fertilized ova was

chiefly due to the technical problem for
inserting the 2-cell embryos into the infun

dibulum of oviduct under microscope.
IV. Summary

The ability of fertilization i wvitro and sub-
sequent development of superovulated oocytes
was assessed in a controlled environment using
an in vitro fertilization technique. The i vitro
fertilization percentage of oocytes with cumulus
mass declined significantly (P<0.05) with in-
creased doses from 4~10 to 16~40IU of PMSG
for superovulation. However, the porportion of
polyspermic penetration varied from 2.3 to 9.
7% and there was no significant difference
between treatments in incidence of polyspermy.
When morphologically normal ova with cumulus
mass were cultured for 66~72h in a plastic mini
-straw to undergo fertilization in wvitro, the
mean percentage of embryos developed to 2-16
and 4-16cell stage was 61.8 and 17.6% . it was
slightly (P<0.05) superior to the corresponding
results from petri ‘dish. A total of 52 two-cell
embryos fertilized in a mini-straw were trans-
ferred to seven pseudopregnant rat. Among
these recipients, two normal young were born
from one recipient which received a total of six
embryos. These results suggest that super
ovulated cocytes are proportionately less compe-
tent than normally ovulated oocytes to undergo
fertilization in a controlled environment using
an in vitro fertilization technique. Also, a
plastic mini-straw designed was slightly supe-
rior to petri dish as a culture vessel for

fertilization and embryo development én vitro .
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