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ABSTRACT 

After in vitro culture of rat embryos, blastocyst rates are lower than the other species 
because of the embryonic block observed in the 2- or 4-cell stages in vitro. Optimal 
culture media and systems that provide variable physiologic needs in the different stages 
of rat embryos. The modifications of rat embryo culture media could have a positive 
effect on increasing the blastocyst rates. However, since the results of rat embryo studies 
are changed depending on factors like strains preferred, maintenance conditions and 
different commercial products added to the culture media, the success rate of producing 
healthy newborns for reproductive biotechnological studies has not yet reached the 
desired level by using current embryo culture media. Understanding the needs of rat 
embryos cultured from zygote to blastocyst stage in vitro is important for successful 
advanced studies such as cloning and transgenesis. The purpose of this review is the 
effects of different culture media and media components on the preimplantation stages 
of rat embryos and get a perspective for developing the culture media. 
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The laboratory rats are one of the most preferred 
species among laboratory animals for different 
research areas such as toxicology, biomedical 
engineering, biology, genetics, medicine and 
reproductive biotechnology (Iannaccone and Galat 
2014, Hickman et al. 2017). There are similarities 
between rats and humans genetically, anatomically, 
and physiologically. Therefore, the rats can also 
contribute to cancer and other human disease studies 
(Iannaccone and Galat 2014, Agca 2019). 
 There are many difficulties due to the embryonic 
metabolism and culture conditions while developing 
the rat embryos from the zygote to the blastocyst 
stage. An embryonic developmental block occurs in in 
vitro culture and is generally caused during the zygotic 
gene activation phase (ZGA) which is happened in 

different embryonic stages for different mammalian 
embryos (Telford et al. 1990, Yamada and Nishikimi 
1999) and ZGA happens in 2- or 4-cell stage in rat 
embryos (Mayer and Fritz 1974). To overcome in vitro 
embryonic developmental arrest, a lot of studies have 
been carried out (Zhang and Armstrong 1990, Kishi et 
al. 1991). On the other hand, the metabolism and 
developmental biology of rat embryos are not well 
understood because of the difficulties of getting high-
quality fertile embryos through superovulation 
procedures (Miller and Armstrong 1981, Brison and 
Leese 1991). More efficient embryo culture media has 
been developed when starting to understand rat 
preimplantation embryo metabolism and physiology 
(Summers and Biggers 2003, Vajta et al. 2010, Men et 
al. 2023). To understand better the metabolism and in 
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vitro culture needs of rat embryos, a retrospective 
examination should be done for rat embryo culture 
media in the present review, and it can help in getting 
perspective. 

The overview of rat embryo culture media 

The mammalian embryo culture media show similarity 
with physiologic salt solutions such as Earle Balanced 
Saline Solution, Tyrode solution and KRB (Krebs-Ringer 
bicarbonate); M16 media is based on Tyrode solution 
and Whitten’s medium is derived from KRB (reviewed 
in Summers and Biggers 2003). 
 There was not any embryo culture medium that 
developed rat embryos successfully before the 90s 
(Miyoshi 2016), and some culture media has been 
improved with modifications after understanding the 
energy metabolism and physiology of mammalian 
embryos (Men et al. 2023). mKRB medium (modified 
Krebs-Ringer bicarbonate medium) has been 
developed by Toyoda and Chang (1974) and used as an 
in vitro fertilization medium in rats. Kishi et al. (1991) 
have used HECM-1 (chemically defined hamster 1-cell 
embryo culture media) to develop rat preimplantation 
embryos. Miyoshi et al. (1994) have developed 
mHECM-1 (modified hamster 1-cell embryo culture 
media) for rat embryo culture. Miyoshi et al. (1995a) 
has been studied on special media to develop rat 
embryos and designed R1ECM (rat 1-cell embryo 
culture medium). R1ECM has been improved by same 
group (Miyoshi et al. 1995b), and the media renamed 
as mR1ECM (modified rat 1-cell embryo culture 
medium). After the success of KSOM medium 
(Potassium simplex optimized media) in mouse 
embryo culture, KSOM-R was designed by Nakamura 
et al. (2016) for rat embryos. Also, M16 medium has 
been used experimentally to develop rat embryos 
(Popova et al. 2011). 

Media components  

Glucose and phosphate: Glucose and phosphate were 
thought to be the main reasons for the occurrence of 
developmental embryonic block of the 
preimplantation rat embryos cultured in vitro, 
although they are the components of oviduct fluid 
(Kishi et al. 1991, Miyoshi et al. 1994, Tsujii and 
Nakamura 1999). Moreover, glucose did not play a 
role in the rat embryos in the early division stages 
from 1-cell to morulae, neither promoting nor 
inhibiting effects have been shown (Miyoshi et al. 
1994). However, preimplantation rat embryos in the 
later stages were affected positively by lower glucose 
concentrations in vitro. Some studies have shown that 
glucose uptake increased in the blastocyst stage for rat 
embryos (Brison and Leese 1991) and glucose 

enhanced the speed of embryonic development 
(Matsumoto and Sugawara 1995). 
  It has been reported that inorganic phosphate-
included embryo culture media prevent the in vitro 
development of hamster and rat embryos critically 
(Schini and Bavister 1988, Yamada and Nishikimi 
1999). Although low amounts of phosphate (0.001- 
0.01 µM) did not inhibit the embryonic development 
of rat embryos from zygote to blastocyst stage in the 
glucose-added HECM-1, 0.1 µM phosphate 
concentration blocked the development of 4-cell rat 
embryos to the morulae stage. The development of 2-
cell rat embryos to the 4-cell stage was limited when 
increasing phosphate concentration, and 1-cell 
embryos did not proceed beyond to 2-cell stage in 
higher concentrations of phosphate (Miyoshi et al. 
1994, Miyoshi et al. 1995a). It has also been reported 
that 1-cell rat embryos were not affected negatively by 
the low amount of phosphate and embryos, after they 
reached the 2-cell stage, developed to the blastocyst 
stage in the medium without phosphate (Matsumoto 
and Sugawara 1995). Miyoshi and Niwa (1997) 
however indicated that rat embryos beyond the 8-cell 
stage were not affected negatively by phosphate, and 
blastocyst formation and cell numbers increased in the 
culture media supplemented with phosphate. It has 
been shown that rat 1-cell embryos failed to reach the 
blastocyst stage in phosphate-supplemented KSOM-R, 
rather they were blocked at the 2-cell stage 
(Nakamura et al. 2016). 

Amino acids: The importance of amino acids in the 
development of rat embryos was shown in different 
studies (Biggers et al. 1997, Ohboshi et al. 1998, Leese 
et al. 2021). Ammonium which is released after 
metabolizing amino acids has been reported to inhibit 
embryonic development of rat embryos cultured in 
vitro (Gardner and Lane 1993). Ho et al. (1995) found 
positive effects of low amounts of amino acids on 
mouse embryos; they also emphasized that embryonic 
development can be affected by the ammonium 
amount which can be adjusted by the volume of the 
media and embryo number per drop. Adding an 
Eagle’s essential and nonessential amino acids has a 
beneficial impact on rat embryo development as same 
as the other species (Miyoshi et al. 1995a, Summers 
and Biggers 2003, Men et al. 2023). 
  For modeling the rat oviductal fluid, which is rich 
in taurine in all periods from the estrus cycle to the 
first three days of gestation, and contains high 
amounts of glycine, glutamate and alanine, the KSOM-
R medium was developed based on KSOM-AA (amino 
acid added potassium simplex optimized media) 
(Nakamura et al. 2016). Adding amino acids to the 
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culture media has been shown to enhance the in vitro 
development of rat embryos and increase the 
blastocyst rate (Nakamura et al. 2016). 

Protein sources: It has been known that the protein 
sources in embryo culture such as FBS (Foetal Bovine 
Serum Albumin), L-glutamine and BSA (Bovine Serum 
Albumin) are beneficial for mammalian 
preimplantation embryos (Kuran et al. 2001); contrary 
to this, there are opinions for that these sources have 
not positive effect on blastocyst formation (Gómez 
and Diez 2000). However, R1ECM which contains 
glutamine has been reported to support the 
development of rat embryos from morulae to 
blastocyst stage substantially, and it can be said that 
glutamine is an important chemical for in vitro culture 
of rat embryos (Miyoshi et al. 1995a). FBS, due to 
phosphate and growth factors it contains, has a 
deleterious effect on rat embryos from 1-cell to 
morulae (Han and Niwa 2003). 
 BSA which contains albumin can be added in embryo 
culture media as a resource of amino acids, fatty acids, 
and a small amount of vitamin sources, used to ease 
embryo manipulations, and additionally, used to be 
bound toxic heavy metals such as zinc and copper in 
culture media (Bavister 1995, Kito et al. 2008). 
Albumin is known to have both beneficial and 
detrimental effects in mammalian embryo culture 
(Bavister 1995). BSA has been understood to promote 
in vitro embryonic development of many mammalian 
embryos in the first cleavage stages and it is often 
used in mouse embryo culture media (McKiernan and 
Bavister 1992, Han and Niwa 2003, Zhou et al. 2003). 
Although hamster embryos are well developed in 
protein-free culture medium, it has been reported that 
BSA should not be considered completely ineffective 
for mammalian preimplantation embryos (McKiernan 
and Bavister 1992). Zhou et al. (2003) however 
reported that BSA harms rat embryos after the 1-cell 
stage. In contrast, it has been shown that BSA 
stimulated blastocyst formation and cell numbers in 2-
cell rat embryos (Kito et al. 2008). 

Phenol red: Phenol red is used as a pH indicator in cell 
culture media. Nakamura et al. (2016) reported that 
phenol red prevents blastocyst development of rat 
embryos in KSOM-R, thereby it has an estrogenic-like 
effect (Berthois et al. 1986, Ernst et al. 1989).  

Osmolarity  

The osmolarity of culture media is as important as 
media contents for all cell and embryo cultures. It has 
been shown that the role of the osmolarity of culture 
media in rat embryos is important (Miyoshi et al. 
1994). Changing osmolarity depending on the 
presence of glucose and amino acids has been 

reported as a substantial factor in embryonic 
development in rats (Miyoshi et al. 1994, Ohboshi et 
al. 1998).  
 Miyoshi et al. (1994, 1995a) arranged medium 
osmolarity by changing NaCl concentrations and 
adding sorbitol and investigated the effects of 
osmolarity on rat embryo development. They found 
that rat embryos were sensitive to osmolarity and the 
optimal medium osmolarity for rat embryos was 244-
246 mOsm. Sperm penetration in in vitro fertilization 
of rat embryos has been successfully achieved by 
increasing the NaCl concentration of mR1ECM (Oh et 
al. 1998). This situation has shown that rat embryos in 
early preimplantation stages could be developed in 
high osmolarity culture media as distinct from other 
species (Agca 2019). However, although the mR1ECM 
medium has a low amount of NaCl and its osmolarity is 
246 mOsm, it can be increased the rate of blastocyst 
formation (Miyoshi et al. 1995a). It has been reported 
that KSOM-R (260 mOsm) was a supporting media for 
rat embryos, although it has a low osmolarity in 
comparison with embryo culture media used in other 
species (Nakamura et al. 2016, Men et al. 2020, Men 
et al. 2023). Considering all of these, it is possible to 
say that rat embryos have a different metabolism from 
other species (Popova et al. 2011).  

The evaluation of rat embryo culture media 
success 

Many researchers prefer to use mice in embryologic 
studies because mouse embryos are well known, and 
culture systems for mouse embryos successfully work. 
On the other hand, although rat, hamster, and rabbit 
embryos do not have improved embryo culture 
systems, using these animals in research is important 
for understanding the development of human 
preimplantation embryos (Seshagiri and Vani 2019). 
For this reason, it is very important to examine and 
develop the media used in the in vitro culture of rat 
embryos from past to present. 
 Kishi et al. (1991) have been reported that rat 
embryos cultured in HECM-1 were developed from 
zygote to blastocyst stage, but the blastocyst rate was 
low (9.9%). The more glucose-added HECM-1, which 
has low osmolarity by reducing the NaCl concentration 
and excluding amino acids from the medium, 
enhanced the development of rat embryos; after these 
changes, the rearranged medium was called mHECM-1 
(Miyoshi et al. 1994). However, blastocyst formation 
(Table 1) in mHECM-1 has been shown that it does not 
better than mR1ECM or KSOM-R. Therefore, although 
it is not the first choice, mHECM-1 use as a culture 
medium may be preferred (Miyoshi et al. 1994, 
Miyoshi et al. 1995a, Nakamura et al. 2016). 
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Both in vitro fertilized or cultured rat zygotes cultured 
in mKRB (Table 2) have been reported to be blocked in 
the 2- or 4-cell stage (Toyoda and Chang 1974, Kishi et 
al. 1991). Moreover, in vivo developed rat embryos 
(obtained in 2- and 4-cell stages) could not arrive 
beyond the 4-cell stage when cultured in mKRB 
medium (Kishi et al. 1991). Rat 1-cell embryos 
obtained in vivo and developed in vitro have been 
reported that embryonic development was affected 
positively by transferring them to mR1ECM medium 
after being precultured with mKRB (Miyoshi et al. 
1997). In similar research, short-term cultured rat 
embryos in mKRB before being cultured in mR1ECM 
have found that the blastocyst formation rate was 
higher than cultured only in mR1ECM (Kaneko et al. 
2009). Therefore, it is possible to say using only mKRB 
medium as a culture media is not enough to develop 
rat embryos; however, if it is combined with other 

culture media, it can contribute to the development of 
rat embryos. 
 mR1ECM which is the most successful culture media 
than others has been reported as the only option to 
develop rat embryos for a long time (Nakamura et al. 
2016), and is still used as one of the first choices as a 
culture medium due to obtaining very high blastocyst 
rates (Iannacone et al. 2001, Men et al. 2020). 
Although the number of live pups from the rat 
preimplantation embryos after in vitro culture in 
mR1ECM has been low (Miyoshi et al. 1995a, Kato et 
al. 2004, Nakamura et al. 2016), the rat 
preimplantation embryos have been developing in the 
mR1ECM medium successfully (Table 3). 
 KSOM medium which has high success rates in 
mouse embryo culture has been promising in 
developing rat embryos due to it can be editable for 
many species (Nakamura et al., 2016). The blastocyst 
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Table 1. The development of rat embryos cultured in mHECM-1 medium. 

Rat Strain  
% zygote development to 

References  
≥2- cell ≥ 4- cell Blastocyst 

Miyoshi et al. 1994 Wistar 100 98 61 

Matsumoto and Sugawara 1995 Wistar 94.4 93 71 

Table 2. The development of rat embryos cultured in mKRB medium and the collection time of embryos. 

Rat Strain  Collection time of embryos  
% embryos development to 

References  
≥2- cell ≥ 4- cell Blastocyst 

Kishi et al. 1991 Wistar 1-cell 76.2 4.1 0 

Kaneko  et al. 2009 Wistar 1-cell 90 42 28 

Kishi et al. 1991 Wistar 2-cell - 0 0 

Kishi et al. 1991 Wistar 4-cell - 0 0 

Table 3. The development of rat 1-cell embryos cultured in mR1ECM medium. 

Rat Strain  
% zygote development to 

References  ≥ 2- cell ≥ 4- cell Blastocyst 

Miyoshi et al. 1995b Wistar 100 73 58 

Oh et al. 1998 Wistar 100 94.6 84.3 

Han and Niwa 2003 Wistar 100 98 92 

Iannaccone et al. 2001 Wistar Furth 56 35 0 

Iannaccone et al. 2001 Lewis 13 13 9 

Iannaccone et al. 2001 F344 72 42 12 

Iannaccone et al. 2001 PVG 88 31 6 

Kato et al. 2004 (SD x DA) x Wistar 99 41 33 

Iannaccone et al. 2001 Sprague Dawley 96 94 76 

Men et al. 2020 Sprague Dawley 95.9 61 18 
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rates were found higher when 1-cell rat embryos 
(obtained 10-12 h after the ovulation) were cultured 
firstly in KSOM (for 18 h) and after in mR1ECM 
medium (Miyoshi et al., 1995b) than when cultured 
only in mR1ECM medium (Zhou et al. 2003). KSOM 
does not contain amino acids; KSOM-AA was 
developed after the importance of amino acids in the 
development of preimplantation embryos was 
understood. Moreover, KSOM-R which is based on 
KSOM-AA was designed by Nakamura et al. (2016) for 
rat embryos. In studies using mR1ECM and KSOM-R 
(Table 4) media, it has been shown both culture media 
promote the development of rat embryos cultured in 
vitro (Nakamura et al. 2016, Men et al. 2020, Men et 
al. 2023). However, the first research that compared 
these two culture media presented blastocyst rates of 
KSOM-R was better than mR1ECM (Men et al. 2020). 

Conclusion 

Rat embryo culture is not yet well understood, and the 
culture media need to improve. It can be possible to 
conclude that all present media for rat embryo culture 
are not optimal yet or that use of any of these media is 
not optimal for every strain or every research. 
 Since rat embryo culture media has been developed 
from the mouse embryo culture media, they all have 
similar contents. However, when compared with 
mouse embryo culture media, rat embryo culture 
media must have critical differences. Although these 
two species have similar genetic backgrounds, the 
present review shows that the effects of some of the 
culture media components on rat embryos are 
different from mouse embryos. Understanding these 
alterations is important to improve the current rat 
embryo culture media. Doing more investigations that 
compare mouse and rat embryos may help to 
understand rat embryos’ needs in vitro. 
 Strain difference affects the success of culture media 
on the development of rat embryos in vitro; thereby, 
research with different rat strains may help to achieve 
optimal culture media or to understand which media is 
better for which strain. 
 mR1ECM medium has been successful in developing 
rat embryos from the 1-cell stage to the blastocyst 
stage, however, embryos developed in mR1ECM have 
a low capability of development in vivo and survival 

after embryo transfer. The in vitro development 
capability of culture media should support the 
subsequent in vivo development capability too. 
Therefore, it is possible to say that the mR1ECM 
medium still needs to be improved. Furthermore, 
although the results show that KSOM-R is successful in 
the development of rat embryos and their survival 
ability after embryo transfer, it needs more 
investigation for different strains. 
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