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Abstract 
Background: Research studies on reproductive mechanism of laboratory animals are 
essential for further advancement of assisted reproductive techniques (ART). One of these 
studies includes the assessment of in-vitro development of pre-implantation embryos. The 
objective was to compare the cleavage rates and morphology of in-vivo formed 2 to 8 cell 
embryos and blastocysts with in-vitro culture of the same embryos for 24 h. 
Materials and Methods: 6-8 weeks old female NMRI mice were superovulated with 8IU 
pregnant mare's serum gonadotropin (PMSG, ip). Two superovulated animals were caged 
with one male mouse for mating. Mated mice were killed by cervical dislocation at different 
time intervals to collect a total of 200 (50/ each) 2, 4, 8, and blastocyst embryos from uterine 
tubes and horns. Following morphological evaluation and cleavage rates, all embryos were 
incubated in Whittingham's T6 media+5% BSA for 24 h. Following incubation at 37ºC in 5% 
CO2, the cleavage rates as well as morphological feature of each embryo was re-evaluated 
and compared with the original embryos.  
Results: The best quality embryos collected from uterine tubes were at 2-cells stage, which 
were reduced when compared with in-vivo developed 4-8 cells embryos. 88% and 52% of 2 
and 8 cells embryos were respectively at grade A stage.  28 embryos out of 50 eight-cell 
embryos were at grades C and D after incubation. Following in vitro culture, the development 
of 16%, 24%, 24%, and 40% of the 2, 4, 8 cells, and blastocysts were arrested, respectively. 
Also, only 2 blastocysts (8%) reached the hatching stage which in comparison with in-vivo 
blstocysts were increased (P>0.05).  
Conclusion: In-vitro culture of the in-vivo formed embryos reduced their cleavage rates and 
morphology, especially at more advanced stages. Therefore, it becomes necessary to improve 
the in-vitro culture condition and to transfer the embryos at early stage to consequently 
improve the implantation rates. 
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Introduction 

 
     The clinical advancements in the field of ART 
have been related to the commitments of the 
reproductive biologists with their works on 
experimental animals. In this regards, the continuous 
work of the father of human IVF, Professor Robert  
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Edwards, is well recognized by scientists all around 
the world. He was the first one to successfully develop 
IVF in mice during 1964 (1). Following ovarian 
puncture, the fertilization and embryo development is 
generally performed in the laboratory with application 
of suitable culture media (37oC/ 5%CO2) (1). Finally, 
the best looking embryos are transferred to the 
recipient (2). It is now well-believed that both number 
and quality/ cleavage rate of embryo is directly related 
to the implantation rates (1). Therefore, it is essential 
to prepare the most suitable environment for the 
embryo development outside the body to achieve high 
rates of implantation (2-5).  
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     Although, there have been extensive advancement 
in assisted reproductive conception, but only 12% of 
developed embryos from human IVF-ET will implant 
successfully (5). In addition, the implantation rates of 
the in-vitro formed embryos in mammals such as 
bovine, swine, and rat is 42%, 8%, and 28%, 
respectively (6-8). The data show that the 
implantation rates vary from one species to others. 
Reproductive specialists pinpoint several factors being 
involved in implantation process. Some of the factors 
include the quality of the gametes, in-vitro culture 
condition, and the quality of pre-implantation embryos 
(2, 3, 8). Therefore, experimental research studies in 
the field of reproductive biology can elucidate the 
mechanisms involved in the process of fertilization, 
embryo development, and embryo implantation. 
Since, reproductive processes like embryo formation 
and implantation in laboratory mice is very similar to 
human being, extensive studies have been conducted 
in this mammal. In addition, mice are inexpensive 
animals, accessible, and easy to handle (3,4). 
Therefore, evaluation and comparing between 
morphology and cleavage potential of embryos which 
have been developed in uterine environment with in-
vitro development can present the factors involved in 
growth and development of embryos before 
implantation (3). In addition, the important role of in-
vitro condition, especially culture media, for embryo 
survival and functioning in ART program will be 
denounced. Therefore, the main goal of this controlled 
experimental study was to compare the morphology as 
well as cleavage rates of 2, 4, 8, cell embryos, and 
blastocysts that were formed in reproductive tract (in 
vivo) of NMRI mice with in-vitro culture of them 
after 24 h. This will elucidate the effect of in-vitro 
environment on embryo development at different 
cleaving stages.  
 

Materials and methods 
Animals 
     A total of 30 female NMRI mice (6-8 weeks) were 
randomly divided into 4 groups. For super-ovulation, 
each mouse received one injection of 8IU PMSG (i.p) 
around 5 p.m. Approximately 46 h later, 8IU HCG 
was injected (i.p) for ovulation to take place. Then, 2 
female mice were transferred to a cage with one male 
for copulation (9). The morning of the next day, 
presence of vaginal plague (sign of mating) was 
observed; otherwise, the animal was discarded from 
the study. The animals in group I were killed 35 h post 
HCG injection with cervical dislocation for collection 
of 50 two-cell embryos. Also, for retrieval of 150 
embryos at 4, 8 cells and blastocysts stages, the 
animals were killed 46 h (group II), 58 h (group III), 

and 75 h (group IV) post HCG injections, respectively 
(10).    
Retrieval and grading of embryos 
    Sterile surgical instruments and gloves were used 
for removal of uterine horns and uterine tubes from 
each animal. The specimens were immediately 
transferred into culture dish with PBS buffer (PH 7.3). 
Next, both uterine horns were dissected out with the 
aid of stereo microscope (Zeiss Co., Germany). The 
technique of flushing and dissection was applied for 
removal of embryos from uterine tubes or horns (9). 
For flushing of embryos, the uterine tubes were first 
dissected out under aseptic condition, and then small 
amount of T6 medium was injected from 
infundibulum of uterine tube to release all the 
embryos. The collected embryos were immediately 
transferred into pre-incubated 5 microliter T6 droplets 
overlaid with washed mineral oils. The fresh culture 
media T6 was already prepared (260-265 mOsmol, 
PH 7.2-7.4) and pre-warmed in incubator (Memmert 
Co., Germany) for 8-10 h before use. A total of 200 
embryos (50 per each group) were evaluated 
morphologically using an invert microscope (Olympus 
Co., Japan). The morphology of 2 to 8 blastomer 
embryos were divided into 4 grades of A, B, C, and D. 
Grade A with equal blastomers, round, with no 
fragmentation, smooth cytoplasm, and bright yellow 
zona; grade B with slightly different blastomers in 
size, up to 10% fragmentation with granules in 
cytoplasm; grade C with unequal blastomers, up to 
50% fragmentations and large granules and vacuels in 
cytoplasm; grade D with blastomers of unequal size, 
extreme fragmentation, with dark and large granules 
and presence of vacuels in cytoplasm. In addition, the 
grading of blastocysts was done according to the 
criteria of Rubio et al (2000) as follows; normal grade: 
equal size of blstomeres and presence of a small 
blastocele; expanded grade: presence of a large 
blastocele cavity and thin zona pellucida; hatching 
grade: extrusion of blastocyst is evident from the zona 
pellucida (11).   
 
In vitro culture of embryos 
     Following morphological evaluation of in vivo 
developed embryos, the in vitro culture of all the 
embryos was done in incubator (37oC, 5% CO2) for 
24 h. The culture media that were used for embryo 
development was freshly made Whittingham's T6. 
This culture media is primarily composed of salts, 
glucose, antibiotics, and serum albumin. The embryos 
were then re-evaluated with the aid of invert 
microscope for both morphological features and 
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cleavage stage. Therefore, all embryos were evaluated 
twice: 1. Following retrieval from reproductive tract 
(control group), and 2. Following in-vitro culture for 
24 h in T6 medium (experimental group). 
 
Statistical analysis 
     For statistical evaluation, chi-square and fisher 
exact tests were applied. P-value<0.05 was considered 
significant in this study. This experimental study was 
approved by the university research committee.   

 
Results 

 
In-vivo developed embryos 
     The results showed that the best quality embryos 
developed in vivo were 2 cell embryos. However, the 
quality of embryos was reduced at more advanced 
cleaving stages. For example, 88% of 2-cell embryos 
were graded as "A" (Figure 1); while only 40% of 4-
cell embryos were considered as grade "A". At higher 
stage of embryo development (8-cells) this rate was 
increased to 52% (Table I). The findings also showed 
that all embryos were in grades A, B, or C; and grade 
"D" was not observed in any of the embryos that were 
formed in reproductive tracts of mice.  
 

 
Figure 1. Several 2-cells embryos retrieved from uterine 
tube of NMRI mouse. 
 
Table I. The morphological features of in-vivo formed 
embryos at different cleavage stages. 
Embryo No. Grade A Grade B Grade C 
2-cells 50 44 (88) 4 (8) 2 (4) 
4-cells 50 20 (40) 14 (28) 16 (32) 
8-cells 50 26 (52) 12 (24) 12 (24) 
P value  
(between 2 & 4 cells) 
 (between 2 & 8 cells) 

 
0.0004 
0.005 

 
0.066 
0.012 

 
0.009 
0.04 

Percentages are shown in parentheses. 
 
 

In-vitro culture of embryos for 24 h 
     The results showed that in-vitro culture reduced the 
quality of embryos that were already formed in-vivo 
(Figure 2). In this regards, 16%, 24%, 24%, and 40% 
of 2, 4, 8, and blastocysts were respectively arrested 
following 24 h culture in T6 medium. Therefore, more 
embryo arrests were noticed at higher cleavage stage- 
blastocyst (Table II). In addition, only 2 blastocysts 
reached hatching stage after 24 h in vitro culture. The 
findings also declared that embryos at 4 and 8 
cleaving stages were more sensitive to in vitro culture 
that 2-cell embryos. The observation showed that 
grade "A" was not achieved in any of the 4 or 8 cell 
embryos. A total of 28 eight-cell embryos were 
regarded as grades "C" and "D".  
 

 
 
Figure 2. Several embryos of mice at different cleavage stages 
following 24 h in-vitro culture. 
 
Table II. The morphological features of NMRI mice 
embryos following 24 h of in-vitro culture. 

Original 
embryo 
(in vivo) 

Grade A Grade B Grade C Grade D 

2-cells 4-cells 
(16) 

3-cells 
(14) 

4-cells 
(12) 

2-cells 
 (8) 

- - 

4-cells - 5-cells 
(20) 

6-cells 
(18) 

4-cells 
(12) 

- 

8-cells - 8-cells 
(10) 

12-cells 
(12) 

16-cells 
(16) 

8-cells  
(12) 

The value inside parentheses is number of embryos. 
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Blastocysts (in-vivo and in-vitro) 
     Table III presents the results generated from 
blastocysts developed in uterine horns as well as in-
vitro culture for 24 h. The result showed that 72%, 
28%, and 0% of the blastocysts were in stages of 
normal, expanded, and hatching following their 
retrieval from reproductive tracts (Figure 3). 
However, the aforementioned grading stages were 
changed to 60%, 32%, and 8% during in-vitro culture. 
This was, however, insignificant when compared with 
the in-vivo results (p>0.05).  
 

 
 
Figure 3. One expanded blastocyst developed following 24 h of 
in-vitro culture. 
 
 
Table III. The comparison of 50 in-vivo formed blastocysts 
with in-vitro results. 
 
Embryo Normal Expanded Hatching 
In vivo blastocysts 36 (72) 14 (28) 0 
In vitro blastocysts 30 (60) 16 (32) 4 (8) 
P value 0.37 0.75 0.24 
Percentages are shown in parentheses. 

 
Discussion 

 
     One of the basic research studies in the field of 
reproductive sciences is to evaluate the effect of in-
vitro condition, such as culture media, on the 
development and cleavage speed of the embryos. In 
both IVF and microinjection techniques, the embryos 
are cultured for at least one day following fertilization 
sign. Finally, a limited number of embryos with good 
morphology are transferred to the uterine cavity (2). In 
one study, the quality of embryos that were formed in 
reproductive tracts of mice following superovulation 
were compared with other group without 
superovulation (natural cycles). The embryos were 

retrieved at different time intervals in both groups of 
mice. The results showed that in contrast to the 
embryos resulted from superovulation cycles, the 
quality of embryos generated from natural cycles were 
superior. Also, the quality and quantity of embryos 
were gradually reduced as the cleaving stages 
proceeded to more advanced stages. Therefore, it was 
suggested that the embryos should be cultured up to 
blastocyst, in order to avoid the uterine transfer of 
non-viable or arrested embryos in ART cycles (12). 
     In our study, the morphological features of in-vivo 
formed 2-cell embryos were superior to other cleaving 
stages. It is also emphasized that embryos usually 
develop better in natural environment of the 
reproductive systems than in-vitro system. For 
example, a total of 44, 20, and 26 embryos at 2, 4, and 
8 cell stages from in-vivo formed were grade "A". 
This was, however, reduced to 30, 0, and 0 after in-
vitro culture in standard medium such as T6. In 
addition, gene expression takes place in embryos with 
4 blastomeres in mouse. Therefore, the embryos may 
become more susceptible to some factors in culture 
media (13). The aforementioned factors may indicate 
that embryos need to be transferred into uterine 
environment at early rather than more advanced 
cleavage stage.  
     Recently, the implantation rates of embryos 
generated from in-vivo were compared with the ones 
developed in-vitro (8). The results showed that the 
implantation rates of in-vitro developed embryos were 
significantly reduced when compared with in-vivo 
embryos (from 76.4% to 28.2%). Importantly, 
Gardner et al (1993) suggested that cellular damage or 
even arrest may have been related to amino acid 
toxicity inside the culture media. Also, replacement of 
human serum albumin (HSA) with bovine serum 
albumin (BSA) will improve the quality of the culture 
environment (14). In addition, some activating factors 
such as Plasminogen activators (PAs), which is 
secreted by trophoblast cells, are directly involved 
with implantation process. Alflalo and associates 
(2004) realized that the rates of PAs generated by 2 
and 4-cell embryos as well as morulla and blastocysts 
that were formed in-vitro were significantly reduced 
when compared with embryos formed in-vivo 
condition in rat (8). This might be associated with the 
reduced metabolic activities of embryos developed in 
in-vitro situation. It is also important to note that the 
concentrations of PAs in 8 cell embryos were 
increased by two-folds, which was also highly stable 
up to the blastocysts stage.  This may have been 
related with the metabolic activity of blastocysts for 
implantation in endometrial layer of uterus (8). Carrol 
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and colleagues (1993) showed that uterine tubes are 
enriched with PAs which are able to attach to the 
embryo membrane, and enhance the growth and 
development of the embryo (15). In another study, the 
lower rate of embryo development during in-vitro 
culture was related to some factors such as light, 
culture metallic ions, oxidative stresses, and PH 
fluctuation; all of which enhance the production of 
reactive oxygen species (ROS). Goto et al (1993) 
detected higher quantities of ROS in early cleavage-
stage mouse embryos produced in-vitro compared 
with their in-vivo counterparts (16). They suggested 
the involvement of ROS in the impairment of 
mammalian embryo developed in-vitro. Concurrent 
with this, the in-vitro formed embryos have lower 
anti-oxidants mechanism when compared with in-vivo 
generated embryos (17). As a consequence, adding 
antioxidants during embryo culture may have a 
beneficial effect on embryo development and quality.   
     Although, the gross microscopical evaluation of 
embryo is an non-invasive technique for the study of 
morphological features of blastomeres, but normal 
phenotype is not always representative of genotype 
condition. In this regards, Munn et al (1995) 
recognized that abnormal chromosomes were present 
in over 60% of embryos. Also, 15% of abnormal sex 
chromosomes were present in embryos with normal 
morphological features (18). In our study, the 
genotypes of embryos were not evaluated due to lack 
of necessary equipments in our center. However, we 
should draw our attention to evaluate and compare the 
genotypes of mice embryos formed in-vivo with in-
vitro ones. This will not only show us the effect of in-
vitro environment on the quality and cleaving stages 
of embryos, but will help us to find the embryos with 
the least chromosomal anomalies. 
 

Conclusion 
 
     In conclusion, the results showed that the cleavage 
as well as quality of 2-cell embryos to blastocysts 
were gradually reduced, although sterile and suitable 
conditions were considered during the course of the 
study. Also, some become degenerated or arrested 
during in-vitro culture of embryos. It is, therefore, 
necessary to set an in-vitro condition to mimic the in-
vivo environment for the development of pre-
implantation embryos. In addition, embryo transfer at 
early stage will assure us that the selected embryos 
have the chance to grow in natural environment of 
uterine cavity. 
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