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Abstract

Objective: To study the effects of ovulation induction on mouse postnatal health, with a focus 

on growth pattern and glucose tolerance. To study the effect of ovulation induction on DNA 

methylation, we took advantage of the agouti viable yellow (Avy) mouse.

Design: Animal study.

Setting: University Setting.

Animals: Agouti viable yellow (Avy) mice on a C57BL/6 background.

Intervention(s): Avy female mice were either allowed to mate spontaneously (control group, C) 

or after superovulation with 5 IU of PMSG and hCG (ovulation induction group, OI).

Main Outcome Measure(s): Birth parameters and postnatal growth of the offspring were 

followed up to 29 weeks of age. Body composition analysis was performed by EchoMRI; fasting 

insulin, intraperitoneal glucose tolerance tests, and glucose-stimulated insulin secretion by beta 

cells were assessed to study glucose metabolism.

Result(s): Mice born to superovulated dams had lower survival rates, shorter anogenital 

distances, and shorter crown-rump lengths. Female mice generated by OI weighed less at birth, 

whereas male mice generated by OI had lower weight gain and had reduced lean mass. Glucose 

parameters, including islet functions, did not differ between the groups. No difference in agouti 

coat color was noted between the groups.

Conclusion(s): Ovulation induction resulted in mice having increased morphometric differences 

at birth and male mice showing reduced weight gain but no difference in glucose tolerance or 

agouti coat color.
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Ovulation induction (OI) is routinely performed in animals and humans to increase the 

number of ovulated oocytes and treat patients with infertility. Although both oral and 

injectable medications are available, the use of injectable medication is prevalent in the 

context of assisted reproductive technologies (ARTs), such as in vitro fertilization (IVF) and 

intracytoplasmic sperm injection (ICSI).

Overall, both OI and embryo culture are highly successful, resulting in significant 

improvement in live births (1). However, a number of potential adverse obstetrical and 

postnatal health outcomes have been described (2, 3). For example, increased risks of 

hypertension and altered glucose metabolism have been found in mice and humans after 

the combined use of OI and embryo manipulation (4, 5). These outcomes are believed to 

be an adaptive response of embryos and fetuses to the suboptimal conditions encountered 

during development: the organism adapts to the altered environment by reprogramming 

its genome and its future growth. According to the Developmental Origins of Health and 

Disease hypothesis, this reprogramming may result in survival, but it may predispose the 

offspring to chronic diseases (6).

Although considerable research has been conducted on the long-term health outcomes 

of offspring conceived by ART, few studies have examined the effects of gonadotropin 

stimulation alone on offspring health. Chao et al. (7) showed that repeated superovulation 

resulted in declined oocyte quality in mice. Ertzeid et al.(8), in experiments injecting 

superovulated or control embryos into superovulated or control uteri, showed that 

superovulation affects both the endometrium and the oocytes. Further, Mann et al. (9, 10) 

showed that gonadotropins alter imprinting marks in oocytes and embryos, suggesting that 

DNA methylation changes can follow superovulation.

Given these prior studies, we aimed to investigate whether superovulation alone affects 

long-term health in mice. Further, to study the effect of OI on DNA methylation, we took 

advantage of the agouti viable yellow (Avy) mouse (11). These mice carry the Avy allele, 

an epigenetically sensitive locus that can be modified by environmental factors. Methylation 

at CpG sites in the intracisternal type A particle within the agouti locus determines agouti 

gene expression. If the cytosine bases within the long terminal repeat of this element 

are heavily methylated, the agouti allele will be transcriptionally repressed, resulting in a 

pseudo-agouti (i.e., brown-colored) mouse; if they are unmethylated, the agouti allele will be 

expressed, resulting in patterns of yellow fur expression correlated with methylation levels. 

Mice expressing the agouti protein have a propensity for obesity and the development of 

diabetes with age (12). Agouti mice have been used to show that in vitro culture (13) or 

exposure to bisphenol A during pregnancy (14) alters the coat color ratio and hence the 

epigenetic profile of the offspring. In particular, using this mouse model offers two major 

advantages. First, by simply assessing coat color, we will know whether superovulation 

changes the DNA methylation status of the agouti locus. Second, if the incidences of 
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diabetes and obesity are increased in yellow agouti mice, it could be inferred that the process 

of superovulation has an additional metabolically adverse effect on individuals.

This study was therefore designed to investigate the effects of OI on mouse postnatal health, 

with a focus on growth pattern and glucose tolerance.

MATERIALS AND METHODS

Animals

Agouti viable yellow (Avy) mice on a C57BL/6 background were obtained from the Jackson 

Laboratory (Bar Harbor, Maine), and were used in all experiments. Female (Aa/a) C57BL/6 

mice (age 6–12 weeks) were mated with male (Avy/a) C57BL/6 mice carrying one agouti 

viable yellow (Avy) allele as described (11).

The control group (C) was generated by mating a female with a fertile male.

The experimental ovulation induction group (OI) was generated by stimulating female mice 

with 5 IU of pregnant mare serum gonadotropins and 48 hours later with 5 IU of human 

chorionic gonadotropin before mating. The female mice were then allowed to mate with 

fertile males.

All mice were maintained according to institutional regulations and National Institutes 

of Health guidelines. The mice were housed on a 12-hour light: 12-hour dark regimen. 

The mice were fed a standard chow diet (PicoLab #5058) ad libitum and had free access 

to drinking water. All experiments were approved by the University of California, San 

Francisco Institutional Animal Care and Use Committee. For coat color, we examined 30 

control litters (n = 198 pups, of which 130 were followed postnatally) and 24 superovulated 

litters (n = 111 pups). Table 1 shows the color distribution of the experimental mice.

Ethical Approval

The study was approved by the Institutional Review Board of the University of California 

San Francisco.

Morphometric Data and Growth

Developmental parameters (weight, crown-rump length [CRL], and anogenital distance 

[AGD]) were measured at birth (P0) with calipers, as we have done before (15). On 

postnatal day one (P1), the number of live and dead mice and their weight were recorded. 

Sex was assessed at P7. On P1, newborn pups were individually marked with different 

colored sharpies, and toe markings were applied on P7. Weight was measured weekly until 

29 weeks of age.

Assignment of Coat Color and Group Distribution (Zero to Five)

Coat color was assigned by the same observer (R.H.) at P21 as recommended (11). Coat 

color was assessed on a 0–5 scale, with nonagouti mice labeled 0 and agouti mice spanning 

a range from 1 to 5. Mice labeled 1 exhibited almost no agouti expression, whereas those 

labeled 5 exhibited agouti expression across most or the entire coat.
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To assess whether superovulation had a unique effect on metabolism on the basis of coat 

color, we collapsed the five coat color groups into four subgroups: coat color 0, coat color 1, 

coat color 2 or 3, and coat color 4 or 5 (Supplemental Figs. 1–5, available online) as done 

by Rosenfeld (16). This was done because of the relatively low number of animals present in 

subgroups 2 to 5 and to achieve statistical significance.

Body Composition Analysis

To assess body composition, EchoMRI (Echo Medical System, Houston, TX) was 

performed at 8, 16, 21, and 29 weeks of age, as described (17). Briefly, the mice were placed 

into a thin-walled plastic cylinder, with a cylindrical plastic insert added to limit movement. 

Then the mice were placed into a magnetic resonance imagining machine (EchoMRI-3in1) 

and were briefly subjected to a low-intensity electromagnetic field to measure fat, lean mass, 

and free water.

Glucose-Stimulated Insulin Secretion

Glucose-stimulated insulin secretion (GSIS) was performed as we have done before (18). 

Briefly, islets of Langerhans were isolated from the surrounding exocrine pancreas in 

mice aged 29 weeks by the University of California San Francisco Islet Production Core 

Facility according to standard procedures (19). The pancreases were distended with 3 mL 

of cold M199 medium (Gibco BRL) containing 1.5 mg/dL collagenase (type P; Boehringer 

Mannheim), excised, and incubated in a 37°C stationary bath. The islets were separated 

by density gradients (Histopaque-1077; Sigma), hand-picked under a stereomicroscope, and 

pooled. Islets in groups of 200 to 500 cells were cultured free-floating for 24 hours in 5 mL 

of RPMI 1640 medium supplemented with L-glutamine and benzylpenicillin (100 U/mL) 

and exposed to basal and stimulatory concentrations of glucose (2.8 and 28 mM), and the 

supernatant was collected for insulin determination. Insulin levels were normalized to total 

islet DNA.

Insulin Measurement

Mice at 13 and 29 weeks of age had their insulin tested (20). After the mice had fasted for 

6 hours, blood was collected from the tail veins, serum separated, and stored at −80°C until 

analyzed. Then, 10 μL of serum was assayed after the Mouse Insulin ELISA kit protocol 

(Mercodia 10–1247-01).

Intraperitoneal Glucose Tolerance Test

The intraperitoneal glucose tolerance test was performed at 13 and 29 weeks of age, as we 

have done before (15). The mice were fasted for 6 hours, and then a blood sample was 

collected from the tail vein. Glucose was measured with a hand-held glucometer (Roche 

Diagnostics). At time zero, after the initial glucose measurement, the mice underwent 

intraperitoneal injection of a bolus of glucose (2 mg/g). Glucose levels were then measured 

at 15, 30, 60, and 120 minutes after injection. Food was immediately returned to the mice 

after the last measurement.
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Statistics

GraphPad Prism version 9.0.2 (GraphPad Software, San Diego, CA) was used for all 

analyses. All data are presented as means ± SD unless otherwise specified. For birth-related 

data, the statistical unit of comparison was the litter (21), whereas for metabolic data 

collected throughout growth, the individual mouse was the statistical unit.

For parametric data and comparisons between the two groups, a two-tailed Student’s t-test 

was used. The frequency of agouti coat color between the groups was calculated by chi-

squared analysis. For multiple comparisons, one-way analysis of variance with Tukey post 

hoc correction was used. A P-value <.05 was considered to indicate statistical significance. 

Sample size calculation was on the basis of the results of our prior study comparing fasting 

glucose in IVF vs. in vivo-conceived mice (18). Given that IVF mice had higher fasting 

glucose at 29 weeks of age (IVF, 192 mg/dL vs. flushed blastocyst, 59 mg/dL; P<.05), we 

assumed that to find a difference in fasting glucose of 33 mg/dL with a P<.05 and power of 

0.8, we needed a sample size of 13 mice per group. We further made the assumption that 

obese agouti 4 or 5 mice would have shown a higher glucose difference (50 mg). To find 

a difference in fasting glucose of 50 mg/dL with a P<.05 and power of 0.8, we needed a 

sample size of six mice per group.

RESULTS

Newborns of Superovulated Dams Have Lower Survival and Morphological Differences at 
Birth

At birth, litter size (Fig. 1A) was similar between the groups. However, on postnatal day 

1, a higher number of pups in the OI group did not survive (on average one pup per litter) 

compared with the control group (on average, one pup did not survive every two litters, 

P< .05; Fig. 1B). Mice that did not survive had lower weight (OI = 1.12 g; C = 1.21 g) 

than surviving pups (OI = 1.29 g, P< .05; C = 1.38 g, P< .05). The sex ratio (OI = 0.5; 

C = 0.6; not significant [NS]) was similar between the groups. At birth, female pups from 

superovulated dams had significantly lower weight (OI = 1.21 g; C = 1.38 g; P<.05; Fig. 

2A). Male mouse weight was similar between the groups (OI = 1.28 g; C = 1.37 g; NS). 

Male and female pups born to superovulated dams had shorter CRL (P< .05, Fig. 2B) and 

shorter AGD (P< .05, Fig. 2C) than naturally conceived pups.

Male Offspring of Superovulated Mothers Have Reduced Weight Gain Because of Reduced 
Lean Mass

Male offspring of superovulated mothers had lower weight gain than controls (Fig. 3A), 

whereas females only showed lower weight at 29 weeks of age (Fig. 3B). Body composition 

analysis showed that the reduced weight was secondary to a decrease in lean mass; in males, 

this was found to occur at every time point measured (8, 16, 21, and 29 weeks; P<.05; 

Fig. 4A–D); in females, it occurred only at 29 weeks (P<.05; Fig. 4D). Fat mass was equal 

between the groups (Fig. 4E–H).

At sacrifice, in addition to lower weight in pups of superovulated mothers, there were 

other noticeable phenotypic differences, with the only exception that male offspring of 
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superovulated mothers had significantly shorter AGD (OI = 10.02 mm, C = 13.02 mm, 

P<.05). In particular, heart weight (male OI = 181.1 g, C = 177.4 g, NS; female OI = 191.5 

g, C = 180.3 g, NS) and CRL (male OI = 10.02 mm, C = 13.02 mm, NS; female OI = 5.13 

mm, C = 4.62 mm, NS) did not differ between the groups.

Superovulated and Control Offspring Have Similar Glucose Sensitivity

Fasting glucose was similar between the groups at 13 and 21 weeks (Fig. 5A and B, 

respectively). Only female offspring of superovulated dams exhibited lower fasting glucose 

at 29 weeks (females OI = 189.6 mg/dL, C = 207.6 mg/dL, P<.05; males OI = 198.7 mg/dL, 

C = 204.2 mg/dL, NS; Fig. 5C). Fasting insulin levels did not differ between the groups 

at 13 weeks (Fig. 5D) but were lower only in male offspring of superovulated mothers at 

29 weeks (OI = 2.51 μg/L, C = 6.99 μg/L, P<.001; Fig. 5E). Given that we had observed 

alteration in GSIS in mice conceived by IVF (18), we measured GSIS at sacrifice in a 

subgroup of control and superovulated offspring and found no differences (Fig. 5F).

Glucose tolerance tests at 13 and 29 weeks did not show differences between the groups in 

either male or female offspring, with the only exception that 13-week-old OI male mice had 

significantly lower glucose at 120 minutes (Fig. 6).

Superovulation Does Not Change the Frequency of Coat Color, and Agouti Mice are Not 
More Sensitive to the Effects of Superovulation

On day 21, the mice were assessed for coat color. No differences in the frequency of agouti 

distribution were found between the groups (Fig. 7). In addition, when analyses of birth data, 

growth parameters, and glucose sensitivity were performed, taking into consideration the 

agouti color (i.e., OI agouti zero vs. C group zero; agouti 1 group vs. C agouti 1; OI agouti 

group 2 or 3 vs. C agouti group 2 or 3, and so on), and with the expectation to find more 

significant changes in mice with agouti color 4 or 5, no differences in results were noted 

between the groups (Supplemental Figs.1–5).

DISCUSSION

The use of ART has increased dramatically in the last decades, and currently more 

than 8 million children have been conceived with fertility technologies. Although these 

technologies are deemed safe, it is apparent that long-term health complications have been 

described with the use of ART. For example, we and others have shown an increased 

incidence of glucose intolerance and hypertension in mouse models of ART (15, 18, 22) and 

in children conceived with these technologies (4, 23). Because superovulation is routinely 

used in the treatment of infertility, any potential ill effects secondary to superovulation alone 

are confounded by the concurrent use of artificial insemination and embryo culture. Given 

that we had found a predisposition to glucose intolerance and beta cell dysfunction in adult 

mice conceived with the use of superovulation and IVF, this study was designed to study the 

effects of superovulation with gonadotropins on growth and glucose control in the offspring.

This study had several notable findings. Offspring of superovulated mothers had reduced 

survival at birth and had shorter AGD and CRL. Postnatally, male mice had lower weight 

gain because of lower lean mass, but reassuringly, we did not find any alteration in glucose 
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tolerance. Notably, there was no change in coat color frequency in superovulated and control 

mice, indicating no overt changes in DNA methylation at the agouti locus.

The first notable finding is that litter size at birth after superovulation was similar in 

superovulated and control mice, but fewer pups from superovulated mothers survived to 

postnatal day one. In particular, on P1, litters of superovulated dams lost on average 

one pup, whereas one pup was lost for every two litters in the control group (Fig. 1B, 

P<.05). To our knowledge, this is the first report of reduced postnatal survival because of 

superovulation.

Although counterintuitive, the similar litter size in the two groups is not surprising, since 

exogenous hormone stimulation is known to render the uterus less receptive (8). For 

example, C57Bl6 females produce an average of 25 oocytes after OI (18), whereas only 

8 eggs are released during spontaneous ovulation (24).

Despite superovulation resulting in a much larger number of ovulated oocytes (25), Ertzeid 

has elegantly shown that embryos after superovulation have a much lower implantation rate: 

10% after superovulation and 25% for control embryos (8). In addition, superovulation is 

known to have detrimental effects on the maturation, function, and ultrastructure of oocytes 

(26), resulting in delayed embryonic development in vitro and in vivo, with increased 

abnormal blastocyst formation, fetal growth retardation, and number of resorption sites (27).

Therefore, we can infer that although superovulation results in more eggs being released, 

fewer embryos are implanted, resulting in similar litter sizes on the day of birth. In 

addition, because nonsurviving pups have lower weight than surviving pups, it is likely that 

superovulation results in some pups having lower weight because of abnormal intra-uterine 

growth. The lower-weight mice are then culled by the mothers, because cannibalism is well 

described in mice and rats (28).

The second finding is that, after superovulation, only females had lower birth weight, 

whereas both males and females had shorter AGD and CRL. Other investigators have 

found that superovulation results in lower birth weight (29). The lower birth weight in 

females is suggestive of a sexually dimorphic effect. Indeed, there is evidence that sexually 

dimorphic effects occur in both humans and mice after use of ART (30). Tan showed 

that IVF in mice results in biased development, with fewer females being born because of 

impaired X chromosome inactivation (30). Our finding of a normal sex ratio suggests that 

superovulation alone does not play an important role in this phenomenon. In addition, the 

shorter CRL in superovulated mice is likely a sign of suboptimal growth in utero. In fact, 

CRL is often used as an indicator of gestational age and as a marker to predict future growth 

(31).

Because newborn AGD is affected by maternal androgen levels, the shorter AGD in 

superovulated pups suggests impaired fetal androgen exposure in utero (32). We can 

speculate that because superovulation results in a large number of corpora lutea, embryos 

and fetuses of superovulated dams are exposed to a different hormonal environment, which 

would lead to the observed reduction in AGD at birth. Indeed, there is evidence that 

superovulation results in altered hormonal levels. For example, in superovulated mice, 
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vascular endothelial growth factor levels are elevated for the first 4 days after mating, 

whereas estrogen levels are higher only on the day of human chorionic gonadotropin trigger 

(33). In future studies, it will be important to measure androgen levels to determine if 

changes in these hormones after superovulation might explain the different AGD length.

Interestingly, at sacrifice (29 weeks), only male mice of superovulated dams maintained a 

shorter AGD compared with control mice. The reason for this sexually dimorphic difference 

is unclear. Of note, AGD in female mice has been shown to be more dynamic and to change 

according to the stage of the estrous cycle (34). Because shorter AGD in males is associated 

with impaired testis development and reduced reproductive capacity throughout life (35), it 

will be valuable, in future studies, to assess reproductive performance in superovulated and 

control male and female offspring.

The third notable finding relates to the sexually dimorphic effect on postnatal growth. Only 

superovulated males had lower weight gain, and this was secondary to lower lean mass. In 

humans, low lean mass is an inheritable genetic factor that can be altered by environmental 

factors, particularly sex steroids (36, 37). For example, exposure to testosterone for 24 hours 

in mice at P1 was associated with an increase in both lean and fat mass (38). Thus, we 

can speculate that the reduced weight gain in superovulated males is a consequence of the 

altered hormonal environment in pregnancy. It is interesting that females, however, did not 

exhibit differences in weight throughout their life. The only exception was at 29 weeks 

of age, when superovulated females additionally exhibited lower lean mass. Future studies 

should investigate whether female mice continue to display differences in growth and lean 

mass at a later age.

The fourth important finding is that superovulation did not result in changes in glucose 

tolerance. On the contrary, offspring of superovulated mothers tended to have higher insulin 

sensitivity. Given that obesity is strongly associated with insulin resistance and glucose 

intolerance (39) and that superovulated mice tended to have lower weight, it is likely that the 

increased glucose sensitivity after superovulation is secondary to the lower weight. Because 

our prior studies found an alteration in glucose tolerance in mouse offspring that were 

superovulated and conceived by IVF (15, 18), we can conclude that superovulation does not 

appear to be responsible for alteration in glucose control; on the contrary, it is likely that the 

process of embryo culture induces metabolic changes in the embryos that have long-lasting 

effects.

Finally, we did not find differences in the frequency of agouti coat color in superovulated 

mice. This is reassuring, because it indicates that superovulation does not affect DNA 

methylation at the agouti locus. This finding is important, because coat color was found 

to change after in vitro culture of embryos (13) or exposure to bisphenol A (14). Further, 

growth and metabolism did not differ between mice belonging to different agouti classes, 

indicating that superovulation did not have any additional deleterious effect on mice with a 

predisposition to obesity (coat color 4 or 5).

Although the agouti mouse is sensitive to environmental factors, the fact that we did not 

find differences in coat color after superovulation does not rule out the possibility that 
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additional DNA methylation changes exist or that other imprinted loci might show abnormal 

methylation. For example, it has been shown that multiple rounds of superovulation may 

result in histone modifications of developing embryos (40). In addition, superovulation has 

been shown to alter imprinting marks in oocytes and embryos in a dose-dependent manner 

(10) because of abnormal methylation maintenance during preimplantation development (9).

This study has several strengths and weaknesses. The use of the agouti mouse allowed 

us to test whether phenotypically identifiable epigenetic changes occurred secondary 

to superovulation. Additionally, the relatively long and intense metabolic follow-up of 

superovulated mice provides some level of comfort in ruling out long-term metabolic effects 

secondary to superovulation.

Among the limitations of the study, we did not check other phenotypic variables, such 

as hypertension or the reproductive fitness of superovulation-generated mice. Moreover, 

findings in the mouse model may not necessarily reflect changes in humans, given the 

species-specific differences.

In summary, we found that superovulation had some notable effects on newborn mice. It 

altered weight gain in males but did not induce profound alteration of glucose metabolism 

and did not alter the distribution of agouti coat color. On the basis of these observations, 

judicious use of superovulation medications seems prudent pending additional research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Litter size. Although the two groups had similar numbers of pups at birth, fewer of the 

superovulated group survived after 24 hours. (A) Litter size is similar between naturally 

conceived litters (7.2 pups) and superovulated litters (6.8 pups, NS [not significant]). (B) 
However, fewer superovulated pups survived (4.5 pups) compared with naturally conceived 

pups (6 pups, P<.05). C = control group; OI = ovulation induction group.
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FIGURE 2. 
Birth parameters. Superovulated pups trend toward being smaller and shorter at birth, 

indicating potential health complications in superovulated pregnancies. (A) There is no 

difference in male birth weight (C = 1.38 g, OI = 1.28 g, P = .097), but superovulated 

females have lower birth weight than offspring of naturally mated mice (C = 1.39 g, OI 

= 1.21 g, P<.05). (B) Superovulated males (C = 26.8 mm, OI = 25.9 mm, P = .017) 

and females (C = 26.8 mm, OI = 25.7 mm, P<.05) have shorter crown-rump length. (C) 
Superovulated males (C = 2.11 mm, OI = 1.66 mm, P <.01) and females (C = 1.74 mm, 

OI = 1.45 mm, P<.01) have shorter anogenital distances at birth. C = control group; OI = 

ovulation induction group.
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FIGURE 3. 
Growth curve. (A) Males born to superovulated mothers have lower weight (P<.05) starting 

at 5 weeks of age. (B) Females born to superovulated mothers have lower weight only at 

birth and at 29 weeks of age. C = control group; OI = ovulation induction group.
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FIGURE 4. 
Body composition. Superovulated male mice have lower lean mass at (A) 8 weeks (C = 

23.05 g, OI = 20.19 g, P<.01), (B) 16 weeks (C = 26.24 g, OI = 22.76 g, P<.01), (C) 21 

weeks (C = 27.07 g, OI = 23.13 g, P<.01), and (D) 29 weeks (C = 27.79 g, OI = 24.84 

g, P <.01). Female mice have lower lean mass at 29 weeks only (C = 22.94 g, OI = 20.57 

g, P<.05). Fat mass (E–H) does not differ between the groups. C = control group; OI = 

ovulation induction group.
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FIGURE 5. 
Glucose metabolism—fasting glucose and insulin levels. There are no observable differences 

between the groups in fasting glucose levels at 13 weeks (A) and 21 weeks (B). At 29 

weeks, only superovulated female mice exhibit lower fasting glucose (C = 207.6 mg/dL, OI 

= 189.6 mg/dL, P<.01) (C). Fasting insulin does not differ at 13 weeks (D), whereas only 

superovulated males have lower fasting glucose at 29 weeks (E): males C = 6.99 μg/L, OI 

= 2.51 μg/L, P<.01; females C = 4.75 μg/L, OI = 5.99 μg/L, NS). (F) Glucose-stimulated 

insulin secretion does not differ between the groups. C = control group; OI = ovulation 

induction group.
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FIGURE 6. 
Glucose tolerance test (GTT). There are no significant differences between groups in the 

glucose tolerance test at 13 and 29 weeks in male (A and C, respectively) or female (B and 

D, respectively) mice. Only one time point (120 minutes) showed a reduced glucose level in 

male mice at 13 weeks (A). C = control group; OI = ovulation induction group.
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FIGURE 7. 
Agouti spread. No differences in Agouti coat color frequency are noted in superovulated 

male (A) and female (B) mice compared with the control group. C = control group; OI = 

ovulation induction group.
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TABLE 1

Agouti color distribution of experimental mice.

Control Superovulated

Agouti color Male Female Male Female

0 53 55 36 23

1 12 5 8 5

2 or 3 19 20 9 17

4 or 5 23 11 5 8
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