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Routine generation of chimeras relies on the production of large numbers of 
blastocysts in a constant and reproducible manner and on the quality of the targeted 
ES (embryonal stem) cells used for microinjection. We have focussed this work on 
the production of large numbers of blastocysts by superovulation, in standardized 
conditions. The efficiency of superovulation in mice is affected by several factors. 
These factors depend on the animal, on the environment and on the operator. The 
effect of seasonal variation as environmental impact was assessed. For this purpose 
360 prepubescent C57BL6/NCrl females were superovulated with 5 IU of PMSG 
(Pregnant Mare’s Serum Gonadotropin) and 5 IU hCG (Human Chorionic 
Gonadotropin) and mated with fertile C57BL/6NCrl males. The distribution of the 
experiments over the seasons was as following: 8 experiments were performed in 
spring, 12 in summer, 12 in autumn and 4 in winter. The influence of the seasonal 
variation on the efficiency of superovulation in two age categories (23 day old and 
26 day old females ) was compared. The results show that the overall vaginal plug 
positive rate (VP+%) of the 23 day old females (90%) is higher in comparison to 
that of the 26 day old females (86,4%), whereas the blastocyst rate (B%) of 26 day 
old females (45,4%) is higher compared to the 23 day old females (41%). The 
influence of the seasonal variation on the yield of embryos and the rate of 
blastocysts is relatively constant in each season. These results suggest that housing 
of the mice in our artificial conditions and the hormonal induction of superovulation 
lead to a reproducible number of blastocysts over the seasonal variation of the year.  
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Introduction  

 
Induction of superovulation in mice is required to produce large numbers of 

preimplantational embryos for different experiments. Although the superovulation 
protocols in mice are well established, each laboratory has to find the optimal 
working conditions to obtain the maximum number of qualitatively good embryos 
per experimental day. Several factors such as the animal, the environment and the 
operator influence the efficiency of superovulation. Therefore, reaching a 
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predictable and reproducible embryo recovery is an important issue for 
experiments. The following study focuses on the influence, of the seasonal 
variation as environmental impact on the yield and quality of the embryos for the 
production of chimeric animals by blastocyst microinjection.  

 
Materials and Methods  

 
For the hormonal induction of the superovulation the two gonadotropins 

PMSG (pregnant mare’s serum gonadotropin, Sigma) and hCG (human chorionic 
gonadotropin, Sigma) were used (2). 
PMSG stimulates the growth of ovarian follicles, maturation of oocytes and the 
formation of corpus luteum. hCG is used to induce the ovulation (1). Both 
gonadotropins are administered to mice by intraperitoneal injection (ip).  

To obtain blastocysts for microinjection, 22 day old prepubescent females 
were purchased from a commercial supplier (Charles River). SPF (Specific 
pathogen free) animal rooms were climate controlled to provide a temperature of 
21-23°C on a light/dark cycle 14:00/02:00 and air humidity of at least 55%. The 
access to water and food was ad libidum. The fertile C57Bl/6NCrl has been caged 
individually. Two sets of 10 males were used, so that each set had at least 1 day 
rest between matings (1). 

For each experiment 10 females were superovulated on Sunday (23 days 
old) and 10 females on Tuesday (26 days old). The dose of hormones used in 
experiments was 5 IU of each hormone. The pairs were mated at least 2 hours after 
the administration of the second hormone. The vaginal plug was check on the 
following morning. The embryos were harvested at 3.5 days dpc (day post coitum) 
by flushing the uteri with M2 medium (Sigma). The quality of embryos was 
assessed with a stereomicroscope (Zeiss). 

 
Results and Discussions  

 
In the tables below (tab. 1, 2, 3, and 4) are presented the superovulation 

results during the seasonal variation over the period from 28th September 2004 to 
18th September 2006. The following seasonal spreading for the northern 
hemisphere was considered:  

Spring: 21st March-21st June 
Summer: 21st June-23rd September 
Autumn: 23rd September-22nd December 
Winter: 22nd December-21st March 

In the calculation of the superovulation efficiency over spring time, 4 
experiments with 23 day old females and 4 experiments with 26 day old females 
were compared. The experiments were conducted in the time period between 15 
and 25 April 2005, and 24 March and 01 June 2006. As shown in table 1, the 23 
day old females (F) had a better vaginal plug positive rate (92.5%) in comparison 
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to the 26 day old females (80%). The blastocyst rate of the 23 day old females 
(34.9%) was lower than that of the 26 day old females (45.6%). 

Table 1: 
Superovulation efficiency in C57Bl/6NCrl females during spring time. 

 

Age F VP+ VP+ % No. E. No. B. B % 

23 days 40 37 92.5% 606 212 34.9% 

26 days 40 32 80% 854 390 45,6% 

Total 80 69 86.2% 1460 602 41.2% 
 
In the calculation of the superovulation efficiency over summer time, 6 
experiments with 23 day old females and 6 experiments with 26 day old females 
were compared. The experiments were conducted in the time period between 23rd 
June and 18th September 2006. As shown in table 2, the 23 day old females had a 
better vaginal plug positive rate (90%) in comparison to the 26 day old females 
(88.3%). The blastocyst rate of the 23 day old females (45.1%) was lower 
compared to that of 26 day old females (48,3%). 

Table 2: 
Superovulation efficiency in C57Bl/6NCrl females during summer time. 

 
Age F VP+ VP+% No. E No. B B% 

23 days 60 54 90% 1525 689 45.1% 

26 days 60 53 88.3% 843 408 48.3% 

Total 120 107 89.1% 2368 1097 46.3% 
In the calculation of the superovulation efficiency over autumn time, 7 experiments 
with 23 day old females and 5 experiments with 26 day old females were 
compared. The experiments were conducted in the time period between 28th 
September and 15th November 2004. As shown in table 3, the 23 day old females 
and the 26 day old females had a comparable vaginal plug positive rate (86%). The 
blastocyst rate of 23 day old females (37.7%) was lower in comparison to that of 
the 26 day old females (41.1%). 

Table 3: 
Superovulation efficiency in C57Bl/6NCrl females during autumn time 

 

Age F VP+ VP+% No. E No. B B% 

23 days 70 60 85.7% 958 362 37.7% 

26 days 50 43 86% 523 217 41.4% 

Total 120 103 85.8% 1481 579 39% 
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In the calculation of the superovulation efficiency over winter time, 4 
experiments with 23 day old females and 4 experiments with 26 day old females 
were compared. The experiments were conducted in the time period between 15th 
December 2005 and 20th March 2006. As shown in table 4, the 23 day old females 
had a higher vaginal plug positive rate (100%) in comparison to the 26 day old 
females (95%). The blastocyst rate in 23 day old females (42.7%) was lower 
compared to the 26 day old females (43.5%).  

Table 4: 
Superovulation efficiency in C57Bl/6NCrl females during winter time 

 

Age F VP+ VP+% No. E No. B B% 

23 days 20 20 100% 295 126 42.7% 

26 days 20 19 95% 363 158 43.5% 

Total 40 39 97.5% 658 284 43.1% 

 
In summary this study compares 19 experiments with 23 day old females and 17 
experiments with 26 day old females. Table 5 displays the overall vaginal plug 
rate. The 23 day old females had a higher vaginal plug positive rate (90%) 
compared to the 26 day old females (86.4%). The total vaginal plug rate of 88.3% 
indicates a good activity of the fertile males over their reproductive life. 
 

Table 5: 
Overall vaginal plug rate in superovulated C57BL/6NCrl females. 

 

Age F No. VP+ VP+% 

23 days 190 171 90% 

26 days 170 147 86.4% 

Total 360 318 88.3% 

 
Table 6 presents the overall embryo and blastocysts yield for the considered 
experiments. The 23 day old females had a higher vaginal plug positive rate but the 
rate of blastocysts for this age category (41%) was lower compared to that of 26 
day old females (45.4%). With other words the results suggests that the vaginal 
plug rate is an indicator of the activity of the fertile males but it is not a guarantee 
of a large yield of blastocysts. The C57Bl6/NCrl females stimulated with 23 day 
compared to those stimulated with 26 day behave slightly different when mated 
with fertile C57BL6/NCrl males. 
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Table 6: 
Overall embryo and blastocyst yield in superovulated C57BL/6NCrl females. 

Age No. VP+ No. E No. B (B%) 

23 days 171 3384 1389 41% 

26 days 147 2583 1173 45.4% 

Total 318 5967 2562 43% 
 

The diagram below (Fig.1), displays the activity of the fertile males. This 
was assessed considering the vaginal plug positive rate obtained over the different 
seasons of the year.  
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Fig. 1: Vaginal plug positive rate and seasonal variation 

 
We got a relative constant total vaginal plug rate over the year (spring 86.2%; 
summer 89.1%; autumn 85.8%; and winter 97.5%). The reason for the deviation 
during winter might rely on the lower number, only 4 considered of experiments, 
compared to the other seasons: spring 8 experiments, summer 12 experiments, and 
autumn 12 experiments. 
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Fig. 2: Embryo yield and seasonal variation 

 
The diagram above displays the influence of the seasonal variation over the 

total amount of embryos and blastocysts obtained as a mean per experimental day. 
Student t-test analysis of the data revealed a statistical difference between the 
seasons (spring-summer, spring-autumn, spring-winter, summer-winter) at a 
significance level of p>0.05. Differences between summer and autumn are at a 
significance level of p<0.05.  

 
Conclusions  

 
Considering above presented data, the mating activity of the C57BL6/NCrl 

fertile males occured in a constant manner over the year. The C57Bl6/NCrl females 
stimulated with 23 days compared to those stimulated with 26 days behave slightly 
different when mated with fertile C57BL6/NCrl males. The overall vaginal plug 
positive rate of 23 day old females (90%) is higher compared to that of the 26 day 
old females (86.4%). However, the blastocyst rate of 26 day old females (41%) is 
higher compared to that of the 23 day old females (45.4%). The influence of the 
seasonal variation on the yield of embryos and the rate of blastocysts is relatively 
constant in each season (p>0.05) but in summer-autumn (p<0.05). These results 
suggest that housing of the mice in our artificial conditions and the hormonal 
induction of superovulation lead to experiments with a reproducible number of 
blastocysts over the seasonal variation of the year. 
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Generarea de şoareci himerici în rutină se bazează pe producerea unui număr mare, 
constant şi reproductibil de blastocşti cât şi pe calitatea celulelor stem mutante utilizate 
pentru microinjecţie. Lucrarea de faţă se concentrează asupra superovulaţiei ca metodă de 
producere a unui număr mare de blastocişti la şoareci de laborator C57Bl6/NCrl în 
condiţii standardizate. Eficienţa superovulaţiei la şoarecele de laborator este influenţată de 
o serie de factori. Aceşti factori pot fi clasificaţi în factori dependenţi de animal, în factori 
dependenţi de condiţiile de mediu şi factori dependenţi de experimentator. Luând în 
considerare factorii de mediu, lucrarea de faţă urmăreşte impactul variaţiei sezoniere 
asupra eficienţei superovulaţiei. Pentru aceasta 360 de femele C57Bl6/NCrl au fost 
stimulate hormonal cu 5 UI de PMSG (Pregnant Mare’s Serum Gonadotropin) şi 5 UI de 
hCG (Human Chorionic Gonadotropin), iar apoi împerecheate cu masculi fertili de 
C57Bl/6NCrl. Distribuţia experimentelor efectuate pe diferite anotimpuri a fost 
următoarea: 8 experimente au fost efectuate primăvara, 12 experimente vara, 12 
experimente toamna şi 4 experimente iarna. Influenţa sezonieră asupra eficienţei 
superovulaţiei a fost urmărită la două categorii de animale. În prima categorie au fost 
incluse femele C57Bl6/NCrl stimulate la o vârstă de 23 de zile, iar în cea de-a doua 
categorie femele C57Bl6/NCrl stimulate la o vârstă de 26 de zile. Din rezultatele obţinute 
reiese că procentul de împerechere la femelele din categoria de vârsta de 23 de zile (90%) 
este mai ridicat decât la cele din categoria de vârstă de 26 de zile (86,4%). Procentul de 
blastocişti din embrionii obţinuţi este mai scăzut la femelele din categoria de vârstă de 23 
de zile (41%) faţă de cele din categoria de vârstă de 26 zile (45,4%). Influenţa sezonieră 
asupra cantităţii şi calităţii embrionilor obţinuţi este relativ constantă în decursul anului. 
Aceste rezultate sugerează că menţinerea şoarecilor în condiţii controlate şi inducerea 
hormonală a ovulaţiei duc la obţinerea unui număr reproductibil de blastocişti independent 
de variaţia sezonieră într-un an. 
Cuvinte cheie: C57BL/6NCrl, superovulaţie, blastocişti, influenţa sezonieră, himere 


