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ABSTRACT Embryo transfer (ET) in the animal is an important procedure to generate
genetically engineered animals and conserve genetic resources. For ET experiments in
mice, pseudopregnant recipients are usually prepared with proestrus stage of females
and vasectomized males. However, this conventional method is inefficient because the
size of female colonies should be large to select only the proestrus stage in the estrous
cycle and the surgical procedures are required to generate vasectomized males. In this
study, we established a simple and efficient protocol to prepare ET recipients using the
estrous synchronization with hormone injection and the mating with wild male mice.
The delivery rate of ET recipients tended to be increased with estrous synchronization
using hormone injection (100%) compared to the conventional method (71%). Further,
natural pregnancy of the recipients, induced by mating with a wild male, significantly
enhanced the birth rate of ET offspring than the conventional method (33% vs. 13%).
Based on the results, we concluded that our new protocol using hormone injection
to ET recipients and mating with wild males could be more efficient and simpler
compared to the conventional method.
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INTRODUCTION

Assisted reproductive technologies (ARTs) have applica-
tions in a variety of fields including human clinics and
basic science research (Mochida, 2020). In animals such
as mice, ART is important for the conservation of genetic
resources and the generation of genetically engineered
animals (Hasegawa et al., 2017). Many ARTs have been
developed, such as cryopreservation of sperm and em-
bryos, superovulation, in vitro fertilization (IVF), embryo
culture, and embryo transfer (ET) (Ha et al., 2013; Lee et
al, 2015; Hasegawa et al., 2017; Lee et al., 2018; Barsuren
et al., 2019; Chio et al., 2019; Kim and Park, 2019; Jung
et al., 2020). The success of several ARTs such as cryo-

preservation or IVF and the production of genetically en-
gineered mice is dependent upon the ability of success-
ful pregnancy after ET, therefore ET is an indispensable
related to ART in mice (Lamas et al., 2020). Many factors
could affect successful pregnancy after ET, such as age or
weight of the recipients, pseudopregnancy of recipients,
the type of anesthetic and analgesic, genetic backgrounds
of the embryo and recipient strains, embryo stage and
quality, the number of transferred embryos, the genetic
modifications of embryos, and the surgical technique
(Bradford, 1979; Ertzeid and Storeng, 2001; Mahabir et al.,
2018; Lamas et al., 2020).

For conventional ET procedures, the preparation of
pseudopregnant recipients is inefficient. Females at the
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proestrus stage are selected by visual observation of the
vagina. The estrous cycle in mice is typically 4-5 days,
therefore, it is required to keep at least 4-5 times the
number of females than is actually used for ET (Hasegawa
et al., 2017). Further, selected females were mated with
vasectomized males, which were generated by surgical
procedures (Byers et al., 2012). To reduce the size of fe-
male stocks for recipients, estrous synchronization was
attempted by hormone injection (Hasegawa et al., 2017).
Progesterone-treated females were paired with vasecto-
mized males and ET efficiency was comparable to con-
ventional ET procedures (Hasegawa et al., 2017). Even the
size of the female colony could be reduced by hormone
injection, however, vasectomized males were still required
for this method. Vasectomized males are commonly used
to make pseudopregnant recipients and the surgery for
generating those mice should be accompanied by pain
and discomfort (Preece et al., 2021). Further, surgery op-
erators should be trained. Recently genetically modified
mouse strains with a sterility phenotype were used instead
of vasectomized mice, which provide a non-surgical re-
placement (Preece et al., 2021). However, these geneti-
cally sterile mice are not commonly available in general
laboratories.

In this study, we used wild male mice to prepare ET re-
cipients and examine the ET efficiency compared to the
conventional method using vasectomized mice. We also
used hormone injection for estrous synchronization of ET
recipients.
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MATERIALS AND METHODS

Animals

B6D2F1 (C57BL/6N female X DBA2 male) female and
male mice (8~9-week-old, Charles River) were used for
the production of blastocyst by in vitro fertilization (IVF).
ICR female mice (10~12-week-old, Charles River) were
used as recipients, and ICR wild or vasectomized male
was mated with ICR female for preparation of pseudo-
pregnant and pregnant recipients for embryo transfer. All
animal maintenance and experimental procedures were
performed following the guidelines of CHA University.
The animal protocols were reviewed and approved by
the Institutional Animal Care and Use Committee (IACUC
No.210035) of CHA University.

Experimental design

Before devising new protocols for the production of the
recipient for ET in this study, we set up the conventional
method for the preparation of pseudopregnant recipi-
ents (Fig. 1). ICR female recipient mice were mated with
vasectomized male mice overnight and checked plug the
next morning. Plug positive recipients were used for ET.
We then investigated new methods for the preparation of
recipients for ET (Fig. 1). For the hormone group, ICR fe-
male recipient mice were injected PMSG, followed by hCG
48 h later. Some hormone-injected recipients were mated
with wild ICR males overnight and checked plug following
morning, as hormone + pairing group. Only plug-positive
females were used for ET. The pups, generated by natu-
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ral mating with ICR female recipients and males, should
show white coat color. While ET pups were developed
from BDF2 blastocysts and should have different coat col-
ors such as black or brown, which could be distinguish-
able to ICR pups.

MIl oocytes collection

The experiment was performed according to the previ-
ously described methods (So et al., 2020). Female BDF1
mice were super-ovulated with 5 international units (IU)
pregnant mare’s serum gonadotropin (PMSG), followed
by 5 IU human chorionic gonadotropin (hCG) 48 h later.
MII oocytes were collected from the excised oviducts 13-
16 h after hCG injection and cumulus cells were denuded
with FHM medium containing 0.1% hyaluronidase (Sigma-
Aldrich). The denuded oocytes were kept in KSOM (Merck)
before IVF under 5% CO, at 37T in a humidified incuba-
tor.

IVF and embryo culture

The epididymis was transferred to Human Tubal Fluid
(HTF) drop (Merck) and cut to make the sperm out. The
sperms released from the epididymis in HTF drop were
incubated under 5% CO, at 37T in a humidified incubator
for 30 min. Sperms moving at the edge of the HTF drop
were collected and transferred to the new HTF drop con-
taining MII oocytes. IVF was performed for 6 h under 5%
CO, at 37C in a humidified incubator. After IVF, zygotes
were cultured to the blastocysts stage in KSOM under 5%
CO, at 37T in a humidified incubator (So et al., 2020).

Preparation of recipients for embryo transfer

For the conventional group, ICR female recipients were
mated with vasectomized ICR mice overnight and checked
for plug-in the following morning. For hormone groups,
ICR female mice were injected 5 IU PMSG, followed by 5
IU hCG 48 h later. Depending on the experimental group,
some hormone-injected ICR mice were mated with wild
male ICR overnight and checked for plug-in the following

morning.

Embryo transfer

Blastocysts were transferred into the uteri of ICR recipi-
ents. Pregnancy was estimated if recipients gained 2 or
more grams one week after embryo transfer. The recipi-
ents were monitored for successful delivery and the num-
ber of pups was recorded after delivery.

Statistical analyses

Data are presented as means * standard error of the
mean (s.e.m). ANOVA with Tukey analysis for multiple
comparisons was used in this study. Statistical analyses
were performed using GraphPad Prism software (version
5.02), with p < 0.05 considered significant.

RESULTS

First, we investigated the pregnancy rates of 10 recipi-
ents in each group, each group showed a comparable rate
without significance (70% + 15%, 70% + 3%, and 80% +
10% for the conventional, hormone, and hormone + pair-
ing group, respectively, Table 1). Among pregnant recipi-
ents, a total of 5 among 7 recipients (71% + 15%) were
delivered in the conventional method group, while all
recipients gave birth in hormone and hormone + pairing
groups, but there was no significant difference among the
groups (Table 1).

Next, we examined the birth rate by ET using recipient
females prepared by different methods (Fig. 2A and B).
Of the embryos transferred, 13% (n = 15/118) developed
into full-term offspring in the conventional group. Hor-
mone and hormone + pairing groups showed 19% (n =
18/96) and 33% (n = 29/89) birth rates, respectively (Fig.
2A). Especially, the hormone + pairing group showed a
significantly higher birth rate compared to the conven-
tional group (Fig. 2A). In the hormone + pairing group, a
total of 96 pups were delivered in 10 recipients. Among
them, 30.2% (n = 29) were derived from ET embryos (BDF2

Table 1. Pregnancy and delivery rates of ET recipients depending on the recipient preparation methods

Method Total recipients No. Pregnancy No. (%/total recipients) Delivery No. (%/pregnant recipients)
Conventional 10 7 (70% + 15%) 5(71% + 15%)
Hormone 10 7(70% £ 3%) 7 (100%)
Hormone + pairing 10 8 (80% + 10%) 8 (100%)

The data are presented by mean + s.e.m. There was no significant difference in pregnancy and delivery rate among the groups.
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Fig. 2. Reproductive performance depends on different protocols of recipients’ preparation. (A) The birth rate of ET offspring. The
hormone + pairing group showed a significantly higher birth rate compared to the conventional group (*p < 0.05). n means the num-
ber of offspring/the number of transferred embryos. mean + s.em. (B) The reproductive data after ET. (C) The birth ratio between
ET pups and pups by natural paring in the hormone + pairing group. 30.2% (n = 29) were derived from ET embryos (BDF2 embryos)
among a total of 96 pups. (D) The ET pup number of litters. The average number of litters was comparable among the groups. n.s

means no significant difference. mean = s.e.m.

embryos) and 69.8 % (n = 69) were originated from nature
paring (ICR embryos) (Fig. 2C). The average number of
litters of the conventional and hormone group were 3 +
0.6 and 2.6 * 0.3, respectively (Fig. 2D). In the hormone
+ pairing group, the average number of litters was 9.6 +
1.7, which included all pups originating from ET and nat-
ural paring. The number of litters generated by ET was 3.6
+ 0.3 in the hormone + pairing group. All groups showed
comparable numbers of ET litters (Fig. 2D).

Based on the results, our new methods of recipient
preparation using hormone injection tended to increase
the delivery rate, and natural pregnancy of hormone-in-
jected recipients improved the efficiency of ET offspring
generation.

DISCUSSION

The present study demonstrated whether recipients in-
jected hormone and pairing with males could be efficient
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to produce ET offspring than pseudopregnancy. For this
purpose, we attempted to synchronize the estrous cycle of
recipients using hormones and mate recipients with wild
male mice. As a result, a new method of recipient prepa-
ration tended to increase the delivery rate and improve
the birth rate of ET offspring compared to the conven-
tional one.

Previous studies reported that hCG treatment caused a
significant decrease in birth rates after ET because of an
unbalanced endocrinological environment of the uterine
epithelium (Bzoe et al., 2014; Hasegawa et al., 2017). The
current study also used hCG, however, the delivery rate of
recipients tended to be increased and the birth rate was
significantly enhanced. Even though previous studies and
our study both used hCG, but hormones other than hCG
and injection schedules were different, which induced
different results regarding ET efficiency.

Most studies used vasectomized males to induce pseu-
dopregnant recipients. Male sterile genetically modified
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mouse lines could be also used to generate pseudopreg-
nant recipients, which were generated by the mating of
two wild-type laboratory strains, such as PWDBG6F1 hy-
brids, generated by crosses between male C57BL/6] and
female PWD/PhJ mice, or hybrids between C57BL/6] and
STUS/Fore parental strains in both directions (Gregorova
and Forejt, 2000; Flachs et al., 2012). While we used wild
ICR males to induce natural pregnancy in ET recipients,
which was more convenient and simpler compared to
the preparation of vasectomized or genetically modi-
fied mice. We supposed that natural pregnancy could be
efficient rather than pseudo-pregnancy to produce ET
offspring because it could help to make the appropriate
intrauterine environment for implantation of ET embryos
and maintenance of pregnancy for ET pups. When ET
offspring, especially for producing transgenic mice, could
be retrieved by Caesarean section, the pregnant females
should be prepared as foster mothers for successful nurs-
ing. However, if ET recipients are able to deliver natu-
rally pregnant pups, the success rate of delivery could be
enhanced, and the preparation of foster mothers can be
skipped.

Finally, hormone injection for estrous synchronization
of ET recipients could help to reduce the size of female
colonies and improve recipient welfare through the use of
fewer numbers of mice in the experiment.

CONCLUSION

Based on the results, the new protocol of ET recipient
preparation using hormones tended to increase the deliv-
ery rate. Further, the natural pregnancy of the recipients
enhanced the birth rate of ET offspring. Therefore, we
concluded our new protocol using hormone injection to
recipients and mating with wild male mice could be effi-
cient and simple compared to the conventional method.
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