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Abstract Embryo transfer technology has been developing since the early 20th century and has gradually been applied in various
animal breeding programs. In felines, the development and application of this technology began relatively late and faces many
challenges, including the unique reproductive physiology and hormonal cycles of cats. With the rise of the pet economy and the
increasing demand for purebred cats, optimizing these technologies not only meets market demands but also aids in scientific
research and the conservation of endangered species. This study analyzes various embryo transfer techniques and influencing factors,
aiming to explore and resolve key technological and ethical issues in feline embryo transfer. Through technical optimization and
policy guidance, this research strives to advance the scientific development and market application of feline breeding programs.
Keywords Embryo transfer; Feline; Reproductive technology; Genetic diversity; Animal welfare

1 Introduction
Feline breeding programs play a crucial role in the conservation and management of both domestic and wild cat
populations. These programs aim to maintain genetic diversity, support population sustainability, and mitigate the
risks associated with inbreeding and habitat loss. The domestic cat (Felis catus) often serves as a model for
developing and refining reproductive technologies that can be applied to endangered wild felids (Pope, 2000;
Thongphakdee et al., 2020). The success of these programs relies heavily on a comprehensive understanding of
feline reproductive biology and the implementation of advanced reproductive technologies.

Reproductive technologies, including artificial insemination (AI), in vitro fertilization (IVF), and embryo transfer
(ET), have become indispensable tools in feline breeding programs. These technologies not only enhance natural
breeding efforts but also provide alternative methods to overcome challenges such as breeding incompatibility and
suboptimal environmental conditions (Farstad, 2000). The development and application of these techniques have
shown promising results in various wild cat species, contributing to the birth of viable offspring and the
preservation of genetic material (Gómez et al., 2009). Despite the progress, there remain significant challenges in
optimizing these technologies to achieve consistent and efficient outcomes (Mains and Voorhis, 2010).

This study optimizes embryo transfer (ET) techniques in feline breeding programs by examining various technical
aspects of the ET procedure, including the use of soft catheters, ultrasound guidance, and cervical mucus removal
to improve pregnancy outcomes, addressing limitations and variability in ovarian stimulation, gamete quality, and
embryo development, with the goal of enhancing ET efficiency and success rates in domestic and wild felines,
ultimately contributing to the sustainability and genetic diversity of feline populations.

2 Background of Embryo Transfer in Felines
2.1 Historical development of embryo transfer techniques
Embryo transfer (ET) in felines has evolved significantly over the past few decades, driven by the need to
preserve endangered species and improve breeding programs. Initially, the focus was on developing reliable
methods for oocyte recovery, in vitro fertilization (IVF), and embryo cryopreservation. The domestic cat (Felis
catus) has played a pivotal role as a model for these techniques, which have subsequently been applied to various
wild cat species (Thongphakdee et al., 2010). Early successes included the birth of domestic kittens from embryos
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produced in vitro and transferred to recipient queens, demonstrating the feasibility of these techniques. More
recent advancements have focused on optimizing cryoprotectant exposure techniques to improve the survival and
developmental competence of vitrified oocytes and embryos (Tharasanit et al., 2011).

2.2 Comparison with other reproductive technologies
Embryo transfer is one of several assisted reproductive technologies (ART) used in feline breeding programs.
Compared to other methods such as artificial insemination (AI) and somatic cell nuclear transfer (SCNT), ET
offers unique advantages. For instance, ET allows for the transfer of embryos produced from genetically valuable
or endangered individuals, thereby enhancing genetic diversity and conservation efforts (Zambelli and Cunto,
2022). In contrast, AI primarily focuses on the direct insemination of sperm into the female reproductive tract,
which may not be as effective in species with complex reproductive physiology. SCNT, while promising, has
shown limited success in felines, with challenges in achieving full-term development of cloned embryos
(Swanson, 2012). ET, therefore, remains a critical tool in both domestic and wild feline breeding programs,
offering a higher success rate and broader applicability.

2.3 Challenges specific to feline reproductive physiology
Feline reproductive physiology presents several challenges that complicate the application of embryo transfer
techniques. One significant issue is the induction of ovulation, which in felines is typically triggered by mating.
Hormonal treatments using eCG and hCG have been developed to induce ovulation in donor and recipient queens,
but the timing and dosage must be carefully managed to ensure successful embryo recovery and implantation.
Additionally, the maintenance of pregnancy in recipient queens, especially during the non-breeding season,
requires the administration of sustained action progesterone to prevent spontaneous abortion (Tsutsui, 2000).
Another challenge is the high sensitivity of feline oocytes and embryos to cryoinjury during vitrification,
necessitating the development of optimized cryoprotectant exposure techniques to improve survival rates. These
physiological complexities underscore the need for continued research and refinement of ET protocols to enhance
their efficacy and reliability in feline breeding programs (Pelican et al., 2006).

By addressing these challenges and leveraging advancements in reproductive technologies, researchers aim to
optimize embryo transfer techniques, thereby improving the outcomes of feline breeding programs and
contributing to the conservation of endangered species.

3 Embryo Collection Techniques
3.1 Hormonal stimulation protocols
Hormonal stimulation is a critical step in optimizing oocyte retrieval in feline breeding programs. The use of
follicle-stimulating hormone (FSH) has been shown to significantly enhance follicular development and oocyte
yield (Table 1). For instance, studies on Eld's deer have demonstrated that FSH stimulation increases the main
follicular diameter, although it does not necessarily increase the number of oocytes retrieved or their quality
(Thongphakdee et al., 2017). In domestic cats, repeated FSH treatments have been effective in stimulating
follicular development, with a mean recovery of 24.1 mature oocytes per laparoscopic retrieval. Additionally,
minimal ovarian stimulation protocols combined with elective single embryo transfer have been shown to yield
acceptable live birth rates in human IVF programs, suggesting potential applicability in feline breeding (Chinarov
et al., 2021).

3.2 Oocyte retrieval methods
Oocyte retrieval methods vary, but laparoscopic ovum pick-up (LOPU) and transvaginal ovum pick-up (TVOPU)
are commonly used. LOPU has been extensively used in cats, with over 1 603 laparoscopic oocyte retrievals
performed, resulting in the recovery of more than 38 000 mature oocytes (Pope, 2014). In cows, different OPU
protocols have been tested, showing that dominant follicle removal followed by FSH treatment and subsequent
OPU can significantly increase the number of follicles aspirated and oocytes retrieved (Konstantinidou et al.,
2023). These methods can be adapted for use in feline species to optimize oocyte yield and quality.
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Table 1 MicroRNAs characterized in oocytes of rFSH and rFSH-rLH treatment protocols (Adopted from Konstantinidou et al., 2023)

No. of microRNAs r-hFSH r-hFSH + r-hLH
1 hsa-miR-548c hsa-miR-548c
2 hsa-miR-222 hsa-miR-222
3 hsa-miR-484 hsa-miR-484
4 hsa-miR-539 hsa-miR-486-3p
5 hsa-miR-636 hsa-miR-17
6 hsa-miR-17 mmu-miR-140
7 hsa-miR-130a hsa-miR-520d-5p
8 mmu-miR-140 hsa-miR-518d
9 hsa-miR-520b hsa-miR-548a
10 hsa-let-7b hsa-miR-627
11 hsa-miR-106a -
12 hsa-miR-520d-5p -
13 hsa-miR-518d -
14 hsa-miR-548a -
15 hsa-miR-628-5p -
16 hsa-miR-525-3p -
17 hsa-miR-627 -

3.3 Embryo culture and developmental stages
The culture and development of embryos are crucial for successful embryo transfer. Advances in cell culture
media have led to improved outcomes in embryo development. For example, the use of optimized in vitro
maturation (IVM) protocols has resulted in high maturation and fertilization rates, with significant blastocyst
development (Junk and Yeap, 2012). In lions, IVM and intracytoplasmic sperm injection (ICSI) have been
successfully performed, resulting in the development of blastocysts, although the developmental speed was slower
compared to domestic cats (Fernandez-Gonzalez et al., 2015). Additionally, studies have shown that blastocyst
stage transfers result in higher live birth rates compared to cleavage stage transfers, suggesting that extending
embryo culture to the blastocyst stage could improve outcomes in feline breeding programs (Glujovsky et al.,
2016). By integrating these techniques, feline breeding programs can enhance the efficiency and success rates of
embryo transfer, ultimately contributing to the conservation and propagation of endangered feline species.

4 Embryo Transfer Protocols
4.1 Selection of recipient queens
The selection of recipient queens is a critical step in optimizing embryo transfer (ET) techniques in feline
breeding programs. Recipient queens should be in good health, have a proven reproductive history, and be free
from any reproductive disorders. The body condition score (BCS) is an essential factor, as it influences the
success of the ET program. Proper nutrition and health management are crucial to ensure that the recipient queens
are in optimal condition to receive and support the transferred embryos (Sala et al., 2020).

4.2 Timing and synchronization of donor and recipient
Synchronization of the estrous cycles of donor and recipient queens is vital for the success of ET. Fixed-time
embryo transfer (FTET) protocols, which eliminate the need for estrus detection, have been shown to improve
synchronization and increase the efficiency of ET programs. These protocols often involve the use of
gonadotrophin-releasing hormone (GnRH), prostaglandin F2α (PGF2α), and progesterone-releasing devices to
control follicular wave emergence and ovulation (Baruselli et al., 2010; Baruselli et al., 2011). The timing of
hormone administration is crucial to ensure that the recipient queen’s uterine environment is synchronized with
the developmental stage of the transferred embryos (Sala et al., 2020).

4.3 Embryo transfer procedures
The ET procedure involves the careful handling and transfer of embryos into the recipient queen's uterus.



Animal Molecular Breeding 2024, Vol.14, No.3, 217-227
http://animalscipublisher.com/index.php/amb

220

Non-surgical methods are preferred due to their lower risk and higher acceptance among breeders. The use of
ultrasonography to guide the transfer process can improve the accuracy and success rates of ET. It is essential to
ensure that the recipient queen has a functional corpus luteum (CL) at the time of transfer, as this is critical for
maintaining pregnancy (Bonacker et al., 2020). The quality and stage of the embryos also play a significant role in
the success of the transfer, with blastocyst stage embryos often showing better outcomes compared to earlier
stages (Baruselli et al., 2010).

4.4 Post-transfer care and monitoring
Post-transfer care and monitoring are essential to ensure the success of the ET program. Recipient queens should
be monitored for signs of estrus and pregnancy, with regular ultrasonographic examinations to confirm the
presence and development of embryos. Proper nutrition and stress management are crucial during this period to
support the queen’s health and the development of the embryos. Additionally, monitoring progesterone levels can
help in assessing the queen’s readiness to support pregnancy and in making necessary adjustments to the care
regimen (Phillips et al., 2016; Wiltbank et al., 2019). By following these optimized protocols, feline breeding
programs can improve the efficiency and success rates of embryo transfer, ultimately contributing to better genetic
management and breeding outcomes.

5 Factors Influencing Embryo Transfer Success
5.1 Genetic and health status of donor and recipient
The genetic and health status of both the donor and recipient cats play a crucial role in the success of embryo
transfer. Studies have shown that the reproductive status and health of the donor significantly affect the quality
and viability of the embryos produced (Figure 1). For instance, non-lactating donor cows produced a larger
number of viable embryos compared to lactating cows, indicating that the physiological state of the donor can
impact embryo quality (Lamas et al., 2020). Additionally, recipient health, including uterine pathology and
endometrial thickness, has been identified as a critical determinant of successful embryo implantation and
pregnancy outcomes.

The two charts from Currin et al. (2022) clearly demonstrate the impact of the donor bull and semen concentration on
embryo development in in vitro fertilization (IVF). Chart A illustrates how the genetic background of different bulls
significantly affects embryo cleavage, the embryo/oocyte ratio, and the embryo/cleaved embryo ratio. This reflects the
importance of the donor's genetic health in the success rate of IVF. Chart B further explores the effect of semen
concentration on a specific donor bull (Bull D), showing variability in how semen concentration influences embryo
development, which may be related to the donor's reproductive health and genetic quality. These findings emphasize the
importance of selecting donors with healthy and superior genetic traits to optimize IVF outcomes.

5.2 Quality of embryos
The quality of the embryos being transferred is another pivotal factor. High-grade embryos have been associated with
higher pregnancy rates. For example, in bovine studies, the quality of embryos (graded on a scale) was directly correlated
with pregnancy per embryo transfer (P/ET) rates, with higher quality embryos resulting in better outcomes (Ferraz et al.,
2016). Similarly, in equine and ovine studies, the age and developmental stage of the embryo at the time of transfer were
significant predictors of successful pregnancy establishment (Currin et al., 2022).

5.3 Environmental and management conditions
Environmental and management conditions, including season, temperature, and stress levels, significantly
influence embryo transfer success. Heat stress, for instance, has been shown to reduce the number of viable
embryos and lower pregnancy rates in cattle (Chebel et al., 2008; Tandulwadkar et al., 2019). Proper management
practices, such as the use of heat abatement systems and minimizing stress through adequate facilities, are
essential to optimize the conditions for both donors and recipients.

5.4 Role of nutrition and veterinary care
Nutrition and veterinary care are fundamental to the success of embryo transfer programs. Adequate nutrition
ensures that both donor and recipient animals are in optimal condition for reproduction. For example, prepartum
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nutrition in cattle is critical to ensure that cows calve in adequate body condition, which is necessary for the
reinitiation of postpartum estrous cycles and successful synchronization protocols (Phillips and Jahnke, 2016).
Veterinary care, including regular health checks and management of reproductive health issues, is also crucial.
Conditions such as metritis and calving problems have been shown to negatively impact pregnancy rates in cattle.

Figure 1 The effect of sire and semen concentration (Adopted from Currin et al., 2022)

6 Advances in Embryo Transfer Technology
6.1 Cryopreservation of embryos
Cryopreservation has revolutionized the field of reproductive biotechnology by enabling the long-term storage of
embryos, which is crucial for genetic preservation and breeding programs. Recent advancements in
cryopreservation techniques, such as vitrification, have shown promising results in various species, including
felines. Vitrification, a rapid freezing method, has been particularly effective in preserving the viability of
immature cat oocytes, although it still presents challenges in terms of meiotic and developmental competence
compared to non-vitrified controls (Tharasanit et al., 2011). Additionally, the use of stepwise cryoprotectant
exposure techniques has improved the outcomes of vitrified immature cat oocytes, leading to successful
pregnancies following embryo transfer (Michailov et al., 2023). These advancements highlight the potential of
cryopreservation in enhancing feline breeding programs by allowing for the storage and transport of genetic
material across different locations and time periods.

6.2 In vitro fertilization (IVF) and its integration
In vitro fertilization (IVF) has become a cornerstone of assisted reproductive technologies, offering a controlled
environment for fertilization and early embryo development. The integration of IVF with embryo transfer
techniques has shown significant improvements in pregnancy rates and genetic selection. For instance, the use of
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IVF in conjunction with cryopreservation has been demonstrated to enhance genetic selection and optimize
cross-breeding schemes in cattle, which can be translated to feline breeding programs (Mogas, 2018). Moreover,
advancements in cell culture media have shifted IVF practices towards blastocyst stage transfers, which have been
associated with higher live birth rates compared to early cleavage stage transfers (Glujovsky et al., 2022). This
shift allows for better synchronization between the embryo and the uterine environment, potentially increasing the
success rates of embryo transfers in felines.

6.3 Use of genetic screening and selection
Genetic screening and selection have become integral components of modern breeding programs, enabling the
identification and transfer of the most viable embryos. Techniques such as preimplantation genetic diagnosis
(PGD) and genomic testing are being developed to screen embryos for genetic abnormalities and desirable traits
before transfer. In the context of feline breeding, these techniques can help in selecting embryos with the highest
implantation potential, thereby improving the overall success rates of breeding programs (Owen et al., 2022).
Additionally, the ability to cryopreserve and subsequently transfer all embryos without impairing pregnancy rates
suggests that genetic screening can be effectively integrated with cryopreservation to optimize breeding outcomes
(Hasler, 2014).

6.4 Future trends in feline reproductive biotechnology
The future of feline reproductive biotechnology is poised to benefit from several emerging trends and technologies. One
such trend is the refinement of invasive fertilization techniques, such as intracytoplasmic sperm injection (ICSI), which can
facilitate the transfer of selected embryonic or somatic cell donor nuclei into oocytes, offering new avenues for genetic
modification and preservation. Another promising area is the development of reliable systems for in vitro production of
embryos, which, when coupled with advanced cryopreservation methods, can significantly enhance the efficiency and
success rates of feline breeding programs. Furthermore, the integration of genomic testing with embryo transfer techniques
is likely to become more prevalent, allowing for more precise selection of embryos and potentially reducing the number of
transfers required to achieve successful pregnancies (Owen et al., 2022). These advancements underscore the potential for
continued innovation and improvement in feline reproductive biotechnology, ultimately contributing to the conservation
and enhancement of feline genetic diversity.

7 Ethical Considerations in Feline Embryo Transfer
7.1 Welfare of donor and recipient cats
The welfare of both donor and recipient cats is paramount in the practice of embryo transfer. Ensuring minimal
stress and discomfort during procedures is essential. Techniques such as unilateral transfers using a low number of
embryos have been shown to improve the welfare of recipient females by reducing the invasiveness of the
procedure (Lamas et al., 2020). Additionally, the use of less invasive techniques can help in reducing the number
of donor and recipient animals required, thereby aligning with the principles of the 3Rs (Replacement, Reduction,
and Refinement) (Lamas et al., 2020). The stepwise cryoprotectant exposure technique has also been developed to
minimize cryoinjury to oocytes, which is crucial for maintaining the health and viability of embryos.

7.2 Implications for genetic diversity
Embryo transfer techniques have significant implications for genetic diversity within feline populations. The
propagation of select female genomes through embryo transfer can lead to rapid genetic gains, similar to the
effects seen with artificial insemination in other species (Phillips and Jahnke, 2016). However, this practice must
be carefully managed to avoid reducing genetic diversity, which is particularly critical in conservation efforts for
endangered felids. The use of domestic cats as recipients for embryos from wild cat species can aid in the
conservation of genetic material from endangered species, but it also necessitates careful consideration of genetic
compatibility and diversity.

7.3 Regulatory and breeding guidelines
Adherence to regulatory and breeding guidelines is essential to ensure ethical practices in feline embryo transfer.
Regulations often focus on the welfare of the animals involved, the ethical implications of genetic manipulation,
and the necessity of maintaining genetic diversity. Ethical considerations in gamete and embryo donation, such as
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consent, screening, and assessment of donors and recipients, are also critical. These guidelines help ensure that the
practices not only advance scientific and breeding goals but also respect the ethical standards of animal welfare
and genetic integrity.

8 Case Study
8.1 Case study: successful implementation of embryo transfer in a feline breeding program
In a recent feline breeding program, the implementation of embryo transfer (ET) techniques was explored to
enhance genetic diversity and improve reproductive outcomes. The program utilized vitrified immature cat
oocytes (Figure 2), which were subjected to a stepwise cryoprotectant exposure technique. This method aimed to
protect the oocytes against cryoinjury during vitrification, thereby preserving their viability for subsequent in vitro
maturation and fertilization (Colombo et al., 2020a). The embryos derived from these oocytes were then
transferred into recipient queens, resulting in successful pregnancies. This case study highlights the potential of
advanced ET techniques in feline breeding programs, demonstrating their efficacy in achieving successful
pregnancies and contributing to the genetic management of valuable or endangered feline species.

Figure 2 Representative fluorescence micrographs of vitrified (A,B), fresh (C, negative control), and hydrogen peroxide-treated (D,
positive control) domestic cat oocytes (Adopted from Colombo et al. 2020b)
Image caption: Bright blue fluorescence (A.1,B.1,C.1,D.1) indicates the nuclear material. Bright red fluorescence (B.2,D.2) in the
nuclear area indicates DNA fragmentation by TUNEL assay. Green fluorescence in the ooplasm (A.3,B.3,C.3,D.3) indicates,
according to its intensity (Adopted from Colombo et al. 2020b)

8.2 Challenges encountered and solutions implemented
During the implementation of the ET program, several challenges were encountered. One significant issue was the
reduction in meiotic and developmental competence of vitrified immature cat oocytes compared to non-vitrified
controls. To address this, the program experimented with different cryoprotectant agents and exposure techniques.
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It was found that using ethylene glycol (EG) alone or in combination with dimethyl sulfoxide (DMSO) yielded
higher maturation rates than DMSO alone, regardless of the equilibration technique used (Sala et al., 2020).
Additionally, the program faced difficulties in ensuring the proper deposition of embryos within the uterine cavity.
This was mitigated by employing ultrasound guidance and using soft catheters to minimize uterine contractility
and avoid negative pressure from the catheter (Nowak et al., 2020). These adjustments were crucial in overcoming
the technical challenges and optimizing the ET procedure.

8.3 Outcomes and lessons learned
The outcomes of the ET program were promising, with successful pregnancies established in recipient queens
receiving embryos derived from both non-vitrified and vitrified/warmed immature oocytes (Ma et al., 2021). This
success underscores the importance of optimizing cryoprotectant exposure techniques and ensuring precise
embryo deposition within the uterus. The program also highlighted the need for continuous monitoring and
adjustment of ET protocols to address specific challenges encountered during the process. Key lessons learned
include the critical role of cryoprotectant selection and exposure methods in preserving oocyte viability, as well as
the importance of gentle and precise embryo transfer techniques to enhance pregnancy outcomes. These insights
can inform future ET programs in feline breeding, contributing to the advancement of reproductive technologies
and the conservation of genetic diversity in feline populations.

9 Concluding Remarks
The research on optimizing embryo transfer (ET) techniques in feline breeding programs has highlighted several
critical factors that can significantly influence the success rates of ET procedures. Key findings include the
importance of using soft catheters and gentle manipulation to avoid uterine contractility, the benefits of ultrasound
guidance, and the necessity of removing cervical mucus to prevent embryo loss during catheter withdrawal.
Additionally, the deposition of embryos in the midportion of the uterus and avoiding negative pressure from the
catheter have been shown to improve outcomes. The use of multiple ovulation and embryo transfer (MOET)
techniques has also been identified as a powerful tool for genetic improvement, allowing for more intense and
accurate selection, and shorter generation intervals.

The findings from this research have significant implications for feline breeding programs. By adopting optimized
ET techniques, breeders can enhance the success rates of embryo transfers, leading to more efficient and effective
breeding programs. The use of soft catheters, ultrasound guidance, and proper handling techniques can minimize
the risk of uterine contractility and embryo loss, thereby increasing the likelihood of successful pregnancies.
Furthermore, the application of MOET can accelerate genetic improvement in feline populations, similar to its
impact on sheep and cattle breeding programs. This can result in healthier and genetically superior feline breeds,
benefiting both breeders and pet owners.

Future research should focus on further refining ET techniques to maximize success rates and minimize risks.
Studies should explore the optimal conditions for embryo transfer in different feline breeds, including the ideal
number of embryos to transfer and the best practices for handling and transferring embryos. Additionally, research
should investigate the long-term genetic impacts of using MOET in feline breeding programs, including potential
risks such as increased inbreeding. Practical recommendations for breeders include adopting the use of soft
catheters, performing trial transfers, and utilizing ultrasound guidance to ensure accurate embryo placement. By
implementing these practices, breeders can improve the efficiency and success of their breeding programs,
ultimately contributing to the advancement of feline genetics and health.
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