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Superovulation has been used in the production of transgenic 
mice since the late 1980s to artificially induce ovulation of large 
numbers of oocytes from limited numbers of female mice. Su-
perovulation facilitates the generation of genetically engineered 
mice and reduces the number of animals used.6,10 The use of su-
perovulation to increase oocyte yield for experimental purposes 
was first described in 19565 and subsequently expanded on in 
1971.6 The author noted that the strain (BALB/c and various 
129 hybrids) and the weight of the mouse affected response to 
superovulation hormones. However, despite the expansion of 
mouse models into additional strains, the development of new, 
strain-specific superovulation protocols has been limited. Use 
of suboptimal superovulation protocols leads to euthanasia 
of increased numbers of female mice to generate the requisite 
number of oocytes—typically 150 to 300—for manipulation. 
Later studies, which examined additional mouse strains, noted 
that the response to superovulation protocols varied depending 
on the strain of the female donor.1,2,9,10,16,25 Most of these studies 
treated female mice of the same age with equal amounts of go-
nadotropins and then examined the differences in oocyte yield 
among the strains. The responses to superovulation varied from 
poor (fewer than 5 oocytes per A/J mouse) to excellent (more 
than 40 oocytes per 129S1 mouse).2 These varied responses to 
superovulation result from genetic differences between strains; 
the response to hormone-induced ovulation depends on 3 to 
4 major genetic differences among strains.13,14 Although these 
studies noted strain differences, few authors attempted to op-
timize the superovulation protocol for different strains.6,9 To 
achieve the maximal benefit from superovulation, each strain 

should be tested to determine its optimal weight (or age) and 
dosage schedule.6 One of the strains often used for generation 
of transgenic animals is the FVB strain. FVB mice exhibited the 
highest proficiency of transgenic production of all strains tested, 
1 but their response to superovulation was quite variable. As a 
result, use of the FVB strain to produce transgenic mice actually 
may require the use of more donor female mice because of lack 
of optimization of the superovulation protocol.

On several occasions over the course of 3 y, we tracked the 
response to superovulation for FVB, B6D2F1, and C57BL/6 
female donors from different vendors across 2 different institu-
tions. For C57BL/6 donors, we noted that the optimal weight 
range for superovulation appeared to be between 10.5 and 14.4 
g, whereas B6D2F1 donors responded optimally at 16.5 to 18.4 g. 
We observed that, regardless of their age or weight, FVB donor 
mice did not superovulate as well as did C57BL6 or B6D2F1 
donors. In addition, our preliminary results indicated that al-
though younger FVB donors would generate more oocytes, a 
greater proportion of the oocytes could not be used for injection 
because they had 3 pronuclei. For the current study, we sought to 
confirm our preliminary observations by performing a detailed 
analysis of donor mice by weight and hormone dosage and by 
extending this analysis to 4 additional mouse strains that are 
often used in generating oocytes for pronuclear and blastocyst 
injections. We were able to define target weight ranges for most 
of the strains examined (FVB being the lone exception) that 
would result in a good response to standard superovulation 
procedures. We then used these weight ranges to determine the 
optimal response of each strain to different hormone dosages 
and timing of administration.

Materials and Methods
Animals. C57BL/6NHsd, FVB/NHsd, and B6D2F1/Hsd 

male mice and B6D2F1/Hsd female mice were purchased from 
Harlan Laboratories (Houston, TX). C57BL/6NHsd and FVB/
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water (Hospira, Lake Forest, IL) to 2000 U/mL, aliquoted into 
1.5-mL microfuge tubes at 25 µL per tube, lyophilized to dry-
ness in a Savant SpeedVac Plus drying system (ThermoFisher 
Scientific, Houston, TX), and stored at −80 °C. For use, 1 mL of 
bacteriostatic sterile saline was added to the microfuge tube 
to make a 1 mL solution of 50 U/mL; 5 IU HCG was injected 
intraperitoneally into female mice 47 to 49 h after their last 
PMSG injection. Female mice were manually restrained for the 
intraperitoneal injections.

Immediately after HCG injection, female mice were mated 1:1 
to male mice of proven fertility and the same strain. Male mice 
for breeding were maintained in individual cages and ranged in 
age from 3 to 8 mo; male mice were replaced as they exceeded 
the age maximum. We used natural mating for production of 
oocytes rather than in vitro fertilization. We attempted to obviate 
any day-to-day variation by: 1) ensuring that we used enough 
female donors to account for variation, 2) observing strict time 
requirements for weighing and treating the donors, 3) using 
only proven male mice for breeding and ensuring that matings 
were spaced a minimum of 5 d apart, 4) ‘priming’ any stud male 
mouse that had been unused for more than 3 weeks by mating 
it to a nonstudy female mouse 5 to 10 d prior to being used for 
mating during the study, 5) mating only one female donor per 
male mouse in a session, and 6) ensuring that stud male mice 
were of optimal mating age (3 to 8 mo of age).

We checked female mice for copulation plugs before 1000 each 
morning during the first part of the study. However, because 
fertilization often occurred despite the absence of a noticeable 
plug, we discontinued recording this information.

Weight analysis. Initial experiments for each strain involved 
determination of the weight range of female donors that would 
respond best to our superovulation protocols. We compared 
online vendor weight tables to estimate the weight range that 
would correspond to 3-, 4-, 5-, and 6-wk-old mice (Table 1). 
3,7,17-23 Donor mice were treated with 5 IU of each hormone and 
then mated 1:1 immediately after the HCG injection to proven 
stud males of optimal mating age (3 to 8 mo). The following 
day, all oocyte donors were weighed, oviducts collected, and 
oocytes pooled by donor weight and strain, except for the 
BALB/c strain. BALB/c oocytes were collected and scored for 
each individual female mouse.

Dosage and timing analyses. We tested doses of 5 and 2.5 IU 
PMSG for superovulation of female donors at the weight level 
that gave the best overall results for each strain. Single PMSG 
injections were followed 47 to 49 h later by an injection of 5 
IU HCG. For all strains, oocytes were collected and scored for 
each individual donor. After determining the optimal dosage 
of PMSG, we then used that dosage to determine whether 2 
PMSG injections separated by a 1-wk interval, followed 47 to 
49 h after the second PMSG dose by an injection of 5 IU HCG 
increased oocyte number. Oocytes were collected and scored 
for each individual female donor.

Oocyte collection and analysis. The day after mating, all 
female donors were euthanized by cervical dislocation by a 
trained investigator with prior IACUC approval for the tech-
nique.

For the weight-group experiments involving C57BL/6, 
B6(Cg)-Tyrc-2J/J, B6D2F1, FVB, and CD1(ICR) donors, oviducts 
were collected from all female mice and placed into 2 mL M2 
media (Sigma-Aldrich) in a 35-mm culture dish (Fisher Scien-
tific). Each oviduct then was moved to a dish containing 2 mL 
M2 media (Sigma-Aldrich) and 75 µL hyaluronidase (10 mg/
mL; Sigma-Aldrich), where the ampulla was torn open to re-
lease the oocytes. After all the oviducts for that group had been 

NHsd female mice were purchased from Harlan Laboratories 
and then either used immediately for the study if they were the 
appropriate weight or were bred in brother-to-sister matings 
for no more than 3 generations to obtain sufficient numbers of 
female mice of the desired weights. B6(Cg)- Tyrc-2J/J male mice 
were purchased from Jackson Laboratory (Bar Harbor, ME) and 
then either used immediately for the study if they were the ap-
propriate weight or were bred in brother-to-sister matings for no 
more than 3 generations to obtain sufficient numbers of female 
mice of the desired weights. BALB/cAnNCr and Crl:CD1(ICR) 
male mice were purchased from Charles River Laboratories 
(Wilmington, MA); BALB/cAnNCr and Crl:CD1(ICR) females 
were purchased from Charles River Laboratories and used im-
mediately if they were the appropriate weight and were bred 
for 1 [Crl:CD1(ICR)] or 3 (BALB/cAnNCr) generations to obtain 
sufficient numbers of female mice of the desired weights. CD1 
female mice were bred to unrelated males; BALB/c mice were 
bred in brother-to-sister matings.

On receipt from the vendor or after weaning, female mice 
were allowed to acclimate for 2 d prior to weighing. Female mice 
began superovulation (described in next section) 2 to 3 d after 
achieving the correct weight. All mice were maintained under 
SPF conditions under a 12:12-h light:dark cycle (lights on, 0700 
to 1900) at temperatures of 21 to 24 °C. Pathogens excluded from 
the colony include mouse parvovirus, minute virus of mice, 
mouse hepatitis virus, mouse norovirus, Theiler disease virus, 
enzootic diarrhea of infant mice, Sendai virus, pneumonia virus 
of mice, reovirus 3, lymphocytic choriomeningitis virus, mouse 
adenovirus, ectromelia virus, K virus, and polyoma virus. The 
animal facilities are negative for Mycoplasma pulmonis and rodent 
viruses except for the presence of murine norovirus in about 
10% of the mice (norovirus is not an excluded pathogen in our 
facilities). Sentinels are screened quarterly by bacterial culture 
for Bordetella bronchiseptica, Corynebacterium kutscheri, Salmonella 
spp., Pseudomonas spp., and Citrobacter rodentium; Helicobacter 
testing is not performed. Mice were housed in static microiso-
lation caging (Lab Products, Wilmington, DE) with ad libitum 
access to Teklad Irradiated Diet 2919 (Harlan Laboratories, 
Madison, WI) and water treated by reverse osmosis. All animal 
experiments were approved by the Institutional Animal Care 
and Use Committee at the University of Texas MD Anderson 
Cancer Center, an AAALAC-accredited institution.

Superovulation and mating. Superovulation is a technique 
widely used in transgenic facilities to reduce the numbers of 
animals used, by enabling greater oocyte production from 
a single female donor. Because we wanted our results to be 
broadly applicable for transgenic use, we used techniques that 
are standard for transgenic facilities. Therefore, our hormone 
injection times and dosages reflected what we use for our eve-
ryday procedures. Pregnant mares serum gonadotropin (PMSG) 
was obtained from the National Hormone and Peptide Program 
(Harbor–UCLA Medical Center, Torrance, CA). Human chori-
onic gonadotropin (HCG) was obtained from Sigma (St Louis, 
MO). We added 1 mL 0.9% bacteriostatic sodium chloride (APP 
Pharmaceuticals, Schaumburg, IL) to the original vial of PMSG 
to obtain a stock solution of 2000 U/mL. The stock solution was 
stored in a −20 °C freezer (Fisher Scientific, Houston, TX) until 
thawed for further dilution. We added 900 µL of the first diluted 
solution to 35.1 mL sterile saline to achieve a concentration of 50 
U/mL; 1.2 mL of the 50-U/mL solution was aliquoted into each 
of 30 microfuge tubes (1.5-mL; Fisher Scientific) and stored in a 
−80 °C freezer (Thermo-Forma, Marietta, OH) until thawed for 
injection. We injected each donor mouse with 2.5 or 5 IU PMSG 
(0.05 or 0.1 mL IP). HCG was resuspended in bacteriostatic 
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the 6 strains tested would respond the best to our standard 
superovulation protocols. Because transgenic facilities often 
use female donors of a specific age range (rather than weight 
range), we set up our analysis to reflect weight ranges that gen-
erally corresponded to 3, 4, 5, and 6 wk of age across different 
vendors, by using available vendor data3,7,17-23 as a guide to 
predict these weight intervals (Table 1). We assessed the overall 
number of oocytes (as a measure of the overall capability of a 
donor to produce) and the number of fertilized oocytes, which 
would reflect both the receptivity of the female donor to mat-
ing and the response of the stud male mouse. As expected, the 
most responsive weight range varied for each strain (Table 2). 
C57BL/6NHsd mice showed little difference in superovulation 
potential at weights as high as 14.2 g, with average numbers 
of total oocytes at approximately 37 per female and fertilized 
oocytes at approximately 23.5 per female donor (Table 2). The 
yield fell as the mice became heavier. B6(Cg)-Tyrc-2J/J females 
responded best in the weight range of 10 to 13.7 g, with average 
total oocytes of 32 per donor and average number of fertilized 
oocytes at approximately 14 per mouse (Table 2). This response 
was less than that of C57BL/6NHsd, although the albino strain 
initially was identified as due to a point mutation arising in 
the C57BL/6/J strain.8 FVB/NHsd female donors gave more 
total oocytes (average,14.4 per mouse) when larger than 16.5 g, 
although they gave greater numbers of fertilized oocytes (aver-
age,10.8 per mouse) at a range of 14.5 to 16.4 g (Table 2). The 
hybrid line B6D2F1/Hsd gave greater numbers of both overall 
and fertilized oocytes (averages, 30.6 and 25.4 per female donor, 
respectively) when superovulated at a weight range of 6 to 9.9 g 
(Table 2). Conversely, our outbred line, Crl:CD1(ICR), showed 
the opposite results, producing many more oocytes in both 
categories (averages, 23.3 and 19.3 per donor, respectively) at 
weights greater than or equal to 23.5 g (Table 2). Finally, groups 
1 and 2 BALB/cAnNCr female mice produced significantly (P 
< 0.001) more total and fertilized oocytes than did groups 3 and 
4; differences between groups 1 and 2 were not significantly 
different (Table 2).

Dosage and timing assessments. We used the most responsive 
weight range for each strain to examine response to different 
doses of PMSG and to determine whether a second dose of 
PMSG given 1 wk after the first dose would increase the numbers 
of total and fertilized oocytes produced. The most responsive 
weight range was chosen based initially on the range that gave 
the highest number of fertilized oocytes, using the highest 
number of total oocytes as the second criterion. For this reason, 
group 2 was chosen as most responsive for B6(Cg)-Tyrc-2J/J, 
group 3 for FVB/NHsd, group 1 for B6D2F1Hsd, and group 4 
for Crl:CD1(ICR). The numbers for fertilized and total oocytes 
for both C57BL/6NHsd and BALB/cAnNCr did not vary greatly 

processed, all of the oocytes were collected and placed into a 
100-µL drop of KSOM (Millipore, Billerica MA) under embryo-
tested mineral oil (Sigma-Aldrich) that had been equilibrated 
to 37 °C at 5% CO2.

10,26 Oocytes were allowed to incubate for 
24 h, after which the drop was scored for the number of 2-cell, 
unfertilized, dead, and aberrant oocytes. For BALB/c mice 
and all of the dosage–timing experiments, oviducts from indi-
vidual female donors were opened in a 50-µL drop of KSOM 
(Millipore). These drops were incubated overnight at 37 °C in 
5% CO2 prior to scoring for the number of 2-cell, unfertilized, 
dead, and aberrant oocytes per female donor. After scoring, 
C57BL/6NHsd, B6(Cg)-Tyrc-2J/J, and Crl:CD1(ICR) oocytes 
were allowed to incubate to morula stage before archiving for 
later use in blastocyst injections. Morula from other strains were 
archived to obtain straws of wild-type embryos to be shipped 
with mutant cryopreserved embryos.

Data analysis. Sample size for each weight group was de-
termined by using previously published data for C57BL/6, 
BALB/c, and FVB/N strains2 and B6D2F1 and CD1 strains.15 
Because no previous data were available for B6(Cg)-Tyrc-2J/J 
mice, we presumed that their response would be similar to that 
of C57BL/6 mice [the original background strain for B6(Cg)-Tyrc-

2J/J]. Assuming that data for each dose schedule by weight group 
within a mouse strain would have the same standard deviation 
and that a significant difference in the mean number of eggs 
would be approximately a 100% increase, we set sample sizes to 
obtain a 2-sided significance (α) level of 0.05 and power of 80% 
by using the Tukey HSD method24 for multiple comparisons.

Data collected for each experiment included the total numbers 
of female donors and oocytes and the numbers of fertilized, 
unfertilized, dead, and aberrant oocytes. We examined the ef-
fects of various treatments by comparing the total number of 
oocytes and the number of fertilized oocytes per female dose 
either for a given weight group (for a specific dosage of PMSG) 
or for multiple doses of PMSG before administration of HCG. 
The number of female donors and mean and standard error 
were summarized for data regarding fertilized oocytes and the 
total number of oocytes. One-way ANOVA (F test) was used to 
examine the overall difference among the means of the multi-
ple groups. To control the overall type I error rate, the Tukey 
honestly significant difference test24 was used for pairwise com-
parisons to determine which groups differed from each other; 
all tests were 2-sided. P values less than 0.05 were considered 
statistically significant. All analyses were conducted by using 
SAS software (version 9.1, SAS Institute, Cary, NC).

Results
Determination of weight ranges for analysis. Our first study 

was designed to determine a weight range at which each of 

Table 1. Strains and weight groups

No. of female 
micea

Weight (g)

Strain Group 1 Group 2 Group 3 Group 4

C57BL/6NHsd 20 5.5–10.4 10.5–14.2 14.3–16.2 ≥16.2
B6(Cg)-Tyrc-2J/J 20 6–9.9 10–13.7 13.8–15.4 ≥15.5
FVB/NHsd 25 8–11.9 12–14.4 14.5–16.4 ≥16.5
B6D2F1/Hsd 8 6–9.9 10–13.4 13.5–15.9 ≥16
Crl:CD1(ICR) 17 4.5–11.4 11.5–18.4 18.5–23.4 ≥23.5
BALB/cAnNCr 16 6–10 10.1–14.8 14.9–16 ≥16.1

Weight groups 1 through 4 were chosen to correspond generally to weanling mice at 3, 4, 5 and ≥ 6 wk of age, respectively. Weight ranges were 
calculated by determining the halfway point between any 2 consecutive weight groups based on an average of vendor age and weight data.
aThe optimal number of female mice per group needed to yield significant data analyses (see Materials and Methods).
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B6(Cg)-Tyrc-2J/J, FVB/NHsd, B6D2F1/Hsd, and BALB/cAnNCr 
strains responded poorly to the double dose of PMSG, giving 
significantly lower numbers of oocytes when compared with 
their response to a single dose of PMSG (Table 3, 2.5+2.5 or 5+5). 
Although the C57BL/6NHsd strain responded positively to the 
double dose of PMSG, the numbers of total oocytes were not 
statistically significantly different (30.4 ± 2.1 oocytes per female 
with the double dose compared with 26.3 ± 2.6 per female for 
the single dose, P = 0.466)

Discussion
We examined whether the superovulation procedure used in 

generating genetically engineered mice could be improved for 
strains commonly used in the procedure. By doing so, we hoped 
to reduce the number of female donors required to produce 
oocytes for subsequent manipulations. As noted in early litera-
ture on the procedure, superovulation is a hormonal treatment 
delivered by intraperitoneal injection and is sensitive to both 
weight and age of the female donor, both of which combine to 
achieve follicle maturation.5,6 For BALB/c mice, optimal fol-
licle maturation occurs between 3 and 4 wk of age, after which 
the follicles become increasingly nonresponsive to hormone 
treatment.6 We sought to expand the age and weight analysis 

between groups 1 and 2 (no significant difference seen for ferti-
lized oocytes for BALB/c). For these 2 strains, we chose to use 
group 2 mice due to the difficulty of obtaining group 1 animals. 
To establish significance, oocyte clusters were collected individu-
ally from each donor and incubated separately for analysis. We 
first compared doses of 2.5 and 5 IU PMSG. With the exception 
of B6(Cg)-Tyrc-2J/J, all strains showed greater numbers of total 
and fertilized oocytes after 5 IU PMSG. Total numbers of oocytes 
improved significantly for FVB/NHsd (P = 0.005), B6D2F1Hsd 
(P < 0.001), and BALB/CAnNCr (P < 0.001; Table 3). Numbers 
of fertilized oocytes improved significantly for FVB/NHsd (P = 
0.012) and B6D2F1 (P < 0.001; Table 4). B6(Cg)-Tyrc-2J/J donors 
had a better response to 2.5 IU PMSG, giving fairly equivalent 
overall numbers of oocytes to both 2.5 IU and 5 IU, but signifi-
cantly (P = 0.003) greater numbers of fertilized oocytes (13.3 ± 
2.1 per female donor; Table 4) at the lower dose.

We then used the optimal PMSG dosage to test whether 2 
doses of PMSG given at a 1-wk interval prior to HCG would 
induce even greater numbers of oocytes. Donors were given 
PMSG on day 1 and again on day 8, followed 47 to 49 h later by 
HCG injection and mating. Crl:CD1(ICR) did not differ signifi-
cantly in the number of overall or fertilized oocytes produced, 
although the totals were lower for this strain (Table 3, 5+5). 

Table 2. Weight group analysis

Strain Group n
Mean no. of oocytes / 
female mouse (± SE)

Mean no. of fertilized oocytes/ 
female mouse (± SE)

% of oocytes  
fertilized

C57BL/6NHsd 1 20 37.7 24.3 65
2 20 37.0 23.5 63
3 20 31.4 21.0 67
4 20 24.6 16.6 67

B6(Cg)-Tyrc-2J/J 1 27 12.3 7.2 58
2 20 32.0 14.0 44
3 17 22.2 8.5 38
4 19 19.8 8.9 45

FVB/NHsd 1 32 10.1 7.3 53
2 25 10.5 8.4 80
3 25 12.5 10.8 86
4 25 14.4 10.3 71

B6D2F1/Hsd 1 8 30.6 25.4 83
2 8 21.0 16.1 77
3 15 16.8 13.7 82
4 8 24.0 16.5 69

Crl:CD1(ICR) 1 28 16.1 12.8 80
2 19 13.6 11.7 86
3 20 10.8 7.8 73
4 19 23.3 19.3 83

BALB/cAnNCr 1 18 39.0 (6.9) 20.9 (3.1) 59
2 25 47.8 (3.0) 19.0 (2.9) 41
3 16 7.9 (1.3) 3.1 (0.7) 36
4 16 10.5 (1.4) 3.9 (0.8) 32

Female mice were weighed and placed into weight groups shown in Table 1 and given 5 IU PMSG followed 47 to 49 h later by 5 IU HCG. For 
all strains except BALB/cAnNCr, oocytes for a given weight group in a strain were pooled for incubation and counting. Therefore, whereas we 
could assess which weight groups gave favorable numbers of oocytes, significance could not be established. For BALB/cAnNCr mice, weight 
groups 1 and 2 yielded significantly (P < 0.001) more oocytes than did groups 3 and 4, of which significantly (P < 0.001) more were fertilized.
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tion, one can easily screen for which mice are likely to give the 
best results and rule out those that are over- or underweight.

For our analyses, 5 of the 6 strains tested were assessed by 
using oocytes that were pooled from the donors in that weight 
range. This technique is the most common used by transgenic 
facilities when isolating oocytes.10 Using pooled oocytes, we 
were able to determine which weight range group(s) produced 
greater numbers of total and fertilized oocytes in 4 of the strains 
tested. However, although use of pooled oocytes resulted in data 
that we could use to predict the weight range for subsequent 
experiments, we were not able to establish statistical significance 
for this portion of the study. As a result of this anomaly, we can 
only state that our defined ‘best’ weight range for these 5 strains 
indicates a trend for animals in our facility, which may or may 
not be reproducible in other facilities. The lone exception was 
the BALB/c strain, for which oocytes from each female donor 
were assessed individually.

By looking at total numbers of oocytes, we could assess 
overall response to the hormone. We anticipated that numbers 
of fertilized oocytes would be dependent both upon the male 
performance and female receptivity. Because the male mice we 
used were optimized for performance, we generally regarded the 
number of fertilized oocytes as a marker of female receptivity, 
and that their receptivity would be influenced by weight range 
and hormone administration. Of note, we had several situations 
in which total number of ooytes was lower but the number of 
fertilized oocytes was increased in one weight range compared 
with another, indicating that the female mice were more receptive 
to the male mouse. We also saw the opposite result, with number 

to additional strains now used for production of genetically 
engineered mice. We specifically chose to use weight because 
superovulation is based on a physiologic response to a chemi-
cal dosage, and weight is generally a better predictor of this 
response than age. We also chose to use a standard dosage of 5 
IU of each hormone for our first analysis, as it would allow us 
to determine baseline data for each strain and compare it to our 
results based on years of hormone use at this dosage. The target 
number of females to analyze in each group was determined 
statistically, based on published data2,15 as well as previous data 
collected in pilot experiments.

For our initial analysis, we determined the weight range that 
would result in the greatest oocyte numbers. We and others6 
have noted that mice of a given age range can often have quite 
different sizes, which was reflected in the size ranges of our 
weight groups. Our weight ranges were determined by con-
sideration of vendor data and correlated with commonly used 
age ranges for each strain. Because we gave a standard dose 
of 5 IU for all mice in the given range, size differences could 
affect the ability of the female donor to respond to hormone 
treatment. In general, female mice that vary by weight within a 
range will experience slightly different amounts of hormone per 
gram of body weight, although it was unclear from our results 
whether differences in weight within a range led to differences 
in superovulation response. However, given that outbred mice 
gain weight extremely rapidly over the first 2 wk after weaning, 
female donors of those strains would experience pronounced 
differences in hormone dose by body weight. Our results suggest 
that by determining a responsive weight range for superovula-

Table 3. Effect of PMSG dosage on total number of oocytes

Strain PMSG dose(s) n
No. of oocytes/female mouse 

(mean ± SE) Overall P
Pairwise PMSG 

treatment comparison Adjusted P 

C57BL/6 2.5 20 21.5 ± 2.5 0.056 5: 2.5 0.347

5 25 26.3 ± 2.6 5+5: 5 0.466

5+5 20 30.4 ± 2.1 5+5: 2.5 0.044

B6(Cg)Tyr c-2J/J 2.5 20 24.8± 2.5 <0.001 5: 2.5 0.824

5 20 26.8 ± 3.0 5: 2.5+2.5 <0.001
2.5+2.5 20 13.1 ± 1.6 2.5: 2.5+2.5 0.004

FVB 2.5 25 9.5 ± 1.0 0.004 5: 2.5 0.005

5 25 15.1 ± 1.3 5: 5+5 0.034

5+5 24 10.7 ± 1.4 5+5: 2.5 0.776

B6D2F1 2.5 8 13.6 ± 3.3 <0.001 5: 2.5 <0.001
5 8 45.3 ± 3.9 5: 5+5 <0.001

5+5 7 17.9 ± 3.2 5+5: 2.5 0.683

CD1 2.5 17 12.3 ± 1.8 0.348 5: 2.5 0.382

5 17 16.3 ± 2.3 5+5: 5 0.987

5+5 18 15.8 ± 2.2 5+5: 2.5 0.459

BALB/c 2.5 16 21.6 ± 2.9 <0.001 5: 2.5 <0.001
5 25 47.8 ± 3.0 5: 5+5 <0.001

5+5 16 16.3 ± 2.5 5+5: 2.5 0.474

Female mice of the weight group that gave the best overall results for the strain were given 2.5 or 5 IU PMSG followed 47 to 49 h later by 5 IU 
HCG. For the third group of mice in each strain, we gave 2.5 or 5 IU PMSG followed by a second dose of 2.5 or 5 IU PMSG 1 wk later and then 5 
IU HCG 47 to 49 h after the second dose of PMSG. The overall P value demonstrates whether differences were observed among treatments. The 
pairwise comparison of dosages and the adjusted P value demonstrate differences between treatments, with the more effective dosage shown 
first in the comparison.
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Cdh23 genes in the J substrain.27 Direct comparisons of albino 
with black and N with J would be instructive in future work.

Our second study examined the response of our 6 mouse 
strains to different dosages and timing of PMSG administration. 
We initially assessed each strain’s response to 5 IU of hormone. 
This dose was chosen in light of results from the literature 
(Table 5).1,2,6,10,14,16,25 The results we obtained were comparable 
to those reported previously for C57BL/6, F1 hybrid lines, the 
ICR outbred strains, FVB substrains, and BALB/c substrains. 
We extended the analysis to include a B6-albino strain, B6(Cg)-
Tyrc-2J/J, which was the one strain that responded better to a 
lower dose of PMSG.

We also performed these experiments by using 2.5 IU for 
comparison. We chose this lower dose given our previous ob-
servations that C57BL/6NHsd mice appeared to have a better 
response to 2.5 IU PMSG than to 5 IU, the standard dose. In fact, 
whereas C57BL/6NHsd mice produced fairly similar numbers 
of both total and fertilized oocytes to both 5 IU and 2.5 IU, the 
B6(Cg)-Tyrc-2J/J strain responded significantly better (in terms 
of producing fertilized oocytes) to 2.5 IU PMSG; all other tested 
strains gave greater numbers of oocytes when injected with 5 
IU PMSG. We did not test higher levels of PMSG in our analysis 
because we previously have not had good results with higher 
concentrations.

After establishing the best dose of PMSG, we then determined 
whether performing 2 PMSG injections separated by a 1-wk 
interval would result in greater numbers of oocytes. We chose 
this regimen because of our previous results in which FVB 

of total oocytes higher but that of fertilized oocytes lower in one 
weight range compared with another. This result was particularly 
obvious for the BALB/cAnNCr strain, thereby verifying data 
suggesting that BALB/c male mice are only semifertile.11

This study produced several interesting observations. The 
hybrid strain, B6D2F1/Hsd, responded best to superovulation 
hormones when treated at 6 to 9.9 g, a weight range that occurs 
immediately after weaning. The total number of oocytes and 
the number of fertilized oocytes obtained were greater for this 
group than for any of the other strains tested. This finding cor-
relates well with previous data obtained on F1 strains of 129 × 
C57BL/6,6 which showed that these donors superovulated best 
immediately after weaning (21 d of age) in response to 4 to 5 
IU PMSG. Conversely, the weight range that was optimal for 
our outbred strain, Crl:CD1(ICR), was the highest weight range 
tested, corresponding to 6 wk of age or older. Inbred strains 
generally performed best at intermediate weight ranges, and the 
optimal ranges occasionally spread across 2 weight groups (for 
example, C57BL/6 groups 1 and 2). The C57BL/6NHsd strain 
responded better to superovulation (that is, gave higher oocyte 
yields) than did the B6(Cg)-Tyrc-2J/J strain for all weight ranges. 
The C57BL/6J albino strain differs from the C57BL/6J strain 
due to a spontaneous point mutation in the tyrosinase gene8 
as well as at 2 single-nucleotide polymorphisms.27 Because we 
used C57BL/6N in our analysis, we suggest that the differences 
we observed could be due to the differences between J and N 
substrains of C57BL/6, given that these sublines differ at ap-
proximately 103 polymorphisms, with mutations in the Nnt and 

Table 4. Effect of PMSG dosage on number of fertilized oocytes

Strain
PMSG 
dose(s) n

No. of fertilized oocytes/ 
female mouse (mean ± SE)a

% fertilized oocytes/ 
female mouse Overall P

Pairwise PMSG 
 treatment comparison Adjusted P

C57BL/6 2.5 20 10.8 ± 1.9 51 0.177 5: 2.5 0.617

5 25 13.4 ± 1.7 53 5+5: 5 0.550

5+5 20 16.3 ± 2.4 52 5+5: 2.5 0.151

B6(Cg)Tyr c-2J/J 2.5 20 13.3 ± 2.1 59 0.003 2.5: 5 0.009

5 20 6.2 ± 1.4 25 2.5+2.5: 5 0.988

2.5+2.5 20 5.8 ± 1.4 43 2.5: 2.5+2.5 0.006

FVB 2.5 25 7.0 ± 1.1 68 0.011 5: 2.5 0.012

5 25 12.0 ± 1.3 79 5: 5+5 0.070

5+5 24 8.1 ± 1.3 73 5+5: 2.5 0.778

B6D2F1 2.5 8 9.3 ± 3.8 51 <0.001 5: 2.5 <0.001
5 8 38.0 ± 4.7 84 5: 5+5 0.001

5+5 7 13.7 ± 2.8 75 5+5: 2.5 0.712

CD1 2.5 17 7.5 ± 1.8 53 0.504 5: 2.5 0.473

5 17 11.4 ± 2.9 54 5+5: 5 0.795

5+5 18 9.3 ± 2.1 51 5+5: 2.5 0.849

BALB/c 2.5 16 14.4 ± 2.4 69 0.131 5: 2.5 0.434

5 25 19.0 ± 2.9 41 5+5: 5 0.124

5+5 16 11.6 ± 2.0 73 5+5: 2.5 0.777

Female mice of the weight group that gave the best overall results for the strain were given 2.5 or 5 IU PMSG followed 47 to 49 h later by 5 IU 
HCG. For the third group of mice in each strain, we gave 2.5 or 5 IU PMSG followed by a second dose of 2.5 or 5 IU PMSG 1 wk later and then 5 
IU HCG 47 to 49 h after the second dose of PMSG. The overall P value demonstrates whether differences were observed among treatments. The 
pairwise comparison of dosages and the adjusted P value demonstrate differences between treatments, with the more effective dosage shown 
first in the comparison.
aPercentage of total oocytes that developed to the 2-cell stage.
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be due both to a negative effect of the PMSG and to the increas-
ing weight of the females, as oocyte numbers were equivalent 
to group 3 results rather than the expected group 2 results. For 
BALB/cAnNCr female mice, weight appears to be the major 
factor in the decrease of oocytes, in that fertility drops off sharply 
from group 2 to group 3, and the 2-dose PMSG regimen would 
result in donors progressing from weight group 2 to group 3 
due to the 1-wk delay in mating. This result correlates well with 
previous observations.6 C57BL/6NHsd strains produced overall 
greater numbers of fertilized oocytes after receiving 2 doses 
of PMSG. This result was unexpected but fortuitous, because 
many projects use C57BL/6N strains. If a project is stalled un-
expectedly after PMSG injection, female C57BL/6N donors can 
be reinjected the following week without compromising their 
fertility. In fact, several strains showed only slight decreases in 
fertilized oocyte numbers when given 2 doses of PMSG (Table 
4). Thus, with the exception of projects using B6D2F1 and 

female mice dosed in this manner with PMSG unexpectedly 
had a greater yield of oocytes. This experience is in direct con-
trast to experimental observations that 2 or 3 PMSG injections 
(separated by 24-h intervals) reduced the number and quality 
of oocytes.4 We sought to replicate our preliminary observations 
and determine whether they were due to prolonged priming 
of the donors or to increased weight of the mice (after a 1-wk 
hiatus). However, we were unable to generate the expected in-
crease in oocyte number in FVB/NHsd female mice. Two doses 
of PMSG decreased the overall number of oocytes in this strain, 
although the number of fertilized oocytes was not affected 
significantly. In fact, the majority of lines tested showed only 
slight differences in numbers of fertilized oocytes, in contrast 
to results from the previous study, which used a shorter dosage 
interval,4 with several notable exceptions. For B6D2F1/Hsd 
donors, 2 doses of PMSG decreased both the total number of 
oocytes and number of fertilized oocytes. This effect appears to 

Table 5. Comparison of responses of various mouse strains to superovulation hormones

Strain PMSG dosage
Mean total no. of 

oocytes
Mean no. of fertilized 

oocytes Mating scheme Reference no.

Hybrid strains
B6AF1 5 IU 45.4 ND IVF 14
B6C3F1 5 IU 31.9 25.6d IVF 16
B6CBAF1 5 IU 19.8c 17.5c IVF 4
B6D2F1/Hsd 5 IU 45.3 38 Natural Current study
B6D2F1/Tac 5 IU NR 11.19e Natural 1
B6SJLF1 5 IU 19.3b 14.2b IVF 25
CLGF1 x 129 4 IU 67.4 ND Natural 6
B6AF1

Inbred strains
BALB/cAnNCr 5 IU 47.8 19 Natural Current study
BALB/cCrYok 5 IU 20.9 15.3d IVF 16
BALB/cJ 5 IU 15.08f ND IVF 2

B6(Cg)Tyrc-2J/Ja 2.5 IU 24.8 13.3 Natural Current study

C57BL/6J 5 IU 25.68f ND IVF 2
C57BL/6J 5 IU 46.92 ND IVF 14
C57BL/6J 5 IU 33.7 26.7d IVF 16
C57BL/6J 5 IU 26.5b 17.1b IVF 25
C57BL/6NHsd 5 IU 30.4 16.3 Natural Current study
C57BL/6NTac 5 IU NR 10.4e Natural 1

FVB/NHsd 5 IU 15.1 12 Natural Current study
FVB/NTac 5 IU NR 9.99e Natural 1
FVB/NTac 5 IU 19.49f ND IVF 2

Outbred strains
Crl:Cd1(ICR) 5 IU 16.3 11.4 Natural Current study
CrjICR 5 IU 17.4 11.6d IVF 16

ND, not determined; NR, not reported
aB6-albino results are reported for a dosage of 2.5 IU PMSG, as that was the optimal dosage for that strain. All other strains examined in the cur-
rent study are reported for a dosage of 5 IU PMSG.
bResults recorded as a total per 10 female donors; this number was obtained by dividing the total given by 10.
cResults recorded as a total for 6 female donors; this number was obtained by dividing the total given by 6.
dResults recorded as % of total number of oocytes per female donor; this number was obtained by multiplying the total by the percentage.
eResults recorded as the average number of fertilized eggs per experiment (n = 15 female donors per experiment); this number was obtained by 
dividing the average number of eggs by 15.
fResults recorded as total number of oocytes produced for a given number of female donors; this number was obtained by dividing the total 
number of oocytes by the number of female donors.
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BALB/c strains, any project in which PMSG has been given but 
the mice are not used immediately is still viable—the female 
mice can be placed on the shelf for a week and then reinjected, 
with only a small decrease in oocyte numbers. A comparison 
of ovarian histology over time after single and double doses of 
PMSG would indicate whether hormone-induced follicles from 
the first injection are stalled and then later released after HCG 
administration or whether they are actively degrading, with 
additional follicles maturing after the second dose of PMSG.

This study has shown that the weight of donor female mice 
can be used as an optimizing factor for the response to supero-
vulation and that the dosage and timing of PMSG injections 
that will produce the greatest numbers of oocytes will differ 
depending on the strain used. However, we caution that these 
results are dependent on the source of PMSG, as well as on close 
attention to the preparation and storage of the hormone. Our 
results suggest that the source of mice (particularly C57BL/6) 
could affect superovulation results and should be considered 
when assessing project needs. Various other factors can affect 
results also, including light times, housing, room location and 
noise or vibrations in the animal room. Our analysis demon-
strates that for our facility and for several commonly used 
strains, the weight of the female mice and dosage of PMSG are 
key factors in maximizing superovulation rates, providing other 
variables are controlled.
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