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Abstract

Calorie restriction (CR) (25-40%) is the most commonly studied strategy for curtailing age-related
disease and has also been found to extend reproductive lifespan in female mice. However, the
effects of mild CR (10%), which is sustainable, on ovarian aging has not yet been addressed.
17a-estradiol (17a-E2) is another intervention shown to positively modulate healthspan and
lifespan in mice but its effects on female reproduction remain unclear. We evaluated the effects

of mild CR (10%) and 17a-E2 treatment on ovarian reserve and female fertility over a 24-week
period, and compared these effects with the more commonly employed 30% CR regimen. Both
10% and 30% CR elicited positive effects on the preservation of ovarian reserve, whereas 17a-E2
did not alter parameters associated with ovarian function. Following refeeding, both 10% and
30% increased fertility as evidenced by greater pregnancy rates. In aligned with the ovarian
reserve data, 17a-E2 also failed to improve fertility. Collectively, these data indicate that 10%
CR is effective in preserving ovarian function and fertility, while 17a-E2 does not appear to have
therapeutic potential for delaying ovarian aging.
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Introduction

Human life expectancy has increased significantly over the past several decades, primarily
due to public health initiatives and improvements in western medicine capabilities
(Christensen et al., 2009). An unanticipated consequence of extending human lifespan was
the concomitant increase in chronic disease burden which has more recently been linked to
multimorbidity and the onset of frailty syndrome (Lopez-Otin et al., 2013). In particular,
postmenopausal females display an accelerated aging phenotype (Levine et al., 2016) and
greater disease burden as compared to premenopausal females. Furthermore, an early onset
of menopause has been linked to a reduction in life expectancy (Ossewaarde et al., 2005).
These observations suggest a connection between gonadal and systemic aging processes,
which has led to the search for interventional strategies that not only extend lifespan and
compress the period of morbidity in mid-to-late life, but also curtail ovarian aging.

The most commonly studied strategy for extending lifespan and curtailing age-related
disease is calorie restriction (CR). Preclinical studies employing CR have been found to
extend lifespan and delay disease onset in a variety of species ranging from invertebrates to
mammals (Fontana and Partridge, 2015; Masoro, 2005). The mechanisms underlying these
observations are multifactorial, but have been linked to declines in growth signaling & pro-
inflammatory stress and improvements in insulin sensitivity & nutrient-sensing plasticity. In
addition to extending lifespan and delaying disease onset, CR has also been found to slow
the ovarian aging process, thereby extending reproductive longevity (Schneider et al., 2021).

Female reproductive longevity is dictated by the ovarian reserve, which is determined by the
number of quiescent primordial follicles in the ovary (te Velde et al., 1998). Ovarian reserve
is finite, and once activated, primordial follicles enter an irreversible growth phase that
results in either ovulation or atresia (Richardson et al., 2014). Therefore, a greater activation
rate of primordial follicles will more rapidly result in the exhaustion of ovarian reserve
which results in the onset of menopause (Broekmans et al., 2009). Commonly employed
CR regimens (30-40%) have been shown to reduce primordial follicle activation and extend
ovarian reserve in mice (Garcia et al., 2019; Xiang et al., 2012). The primary mechanism
underlying these effects is believed to be the suppression of mammalian target of rapamycin
(mTOR) activity (Li et al., 2015). CR has also been shown to decrease ROS production,
increase SIRT3 activity, improve oocyte-specific meiotic spindle assembly & maintenance,
while enhancing chromosome stability (Selesniemi et al., 2011).

Despite the fact that chronic CR improves ovarian reserve, ovulation and fertility are
actually reduced during an active bout of CR due to declines in GnRH activity, which
adversely affects cyclicity (Sun et al., 2021). However, the aforementioned improvements
in primordial follicle number and oocyte quality promote greater fertility, fecundity, and
offspring survival when refeeding periods follow bouts of chronic CR (Selesniemi et

al., 2008). Although the benefits of CR on ovarian reserve and fertility outcomes while
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refeeding are well-established, human compliance when employing a robust CR regimen
(25-30%) is poor (Flanagan et al., 2020), and tends to decrease over time. For example, in
the first 6 months of the CALERIE 2 trial, in which the goal was 25% CR, the percentage
of CR achieved dropped to only 9% after the first six months (Ravussin et al., 2015).
Intriguingly, even this level of CR was capable of eliciting health benefits including weight
loss and declines in metabolic risk factors. In rats, mild CR (10-20%) has also been shown
to elicit benefits that are comparable to more stringent levels of CR (Richardson et al.,
2016), despite there being a scarcity of data addressing the idea. However, no studies to
date have evaluated the effects of mild CR (10%) on ovarian aging, which could represent
a more viable intervention option for individuals attempting to delay ovarian failure and
extend reproductive lifespan.

In addition to exploring the effects of mild CR on reproductive outcomes in these studies,
we also evaluated the effects of 17a-estradiol (17a-E2); a natural-occurring diastereomer
of 17p-estradiol (17p-E2) that has been shown to extend lifespan (Harrison et al., 2014;
Strong et al., 2016) and elicit beneficial effects on metabolic and aging-related parameters
in a manner similar to CR (Miller et al., 2020; Stout et al., 2017). We have also established
that 17a-E2 suppresses calorie intake by modulating hypothalamic anorexigenic pathways
in male mice (Steyn et al., 2018), which at least partially underlies the improvements

in metabolic outcomes following 17a-E2 administration. We more recently reported that
17a-E2 reverses ovariectomy-mediated changes in adiposity and bone density in female
mice (Mann et al., 2020b), indicating that specific populations of females may also benefit
from 17a-E2 treatment. What remains unclear is if 17a-E2 can beneficially alter ovarian
reserve or fertility in a manner similar to CR. We have previously shown that 17a.-E2
treatment appears to have negligible effects on ovarian reserve in WT mice, although we did
not evaluate fertility in that study (Isola et al., 2020). Based on the aforementioned results,
the aim of this study was to evaluate the effects of a mild CR (10%) and 17a-E2 treatment
on ovarian reserve and female fertility, while also comparing these interventions to a more
standard CR regimen (30%).

Methodology

2.1. Animal diets

TestDiet, a division of Purina Mills (Richmond, IN), prepared the diets for these studies.
We used TestDiet 58YP (66.4% CHO, 20.5% PRO, 13.1% FAT) * 17a-E2 (14.4 ppm;
Steraloids, Newport, RI).

2.2. Animals and experimental design

Ten- to eleven-week old female C57BL/6 mice (V= 72) were obtained from UFPel Central
Vivarium and housed three per cage at 24 + 0.5°C on a 12:12-hour light-dark cycle with
ad libitum access to water throughout the study. Following a two-week facility acclimation,
mice were randomly assigned into one of four groups: Control (CTL; n = 18) receiving ad
libitum access to TestDiet 58YP; 17a-E2 (n = 18) receiving ad /ibitum access to TestDiet
58YP + 17a-E2; 10% calorie restriction (CR10; n = 18) receiving TestDiet 58YP; or 30%
calorie restriction (CR30; n = 18) receiving TestDiet 58YP. The number of calories that the
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10% and 30% CR groups received was determined by assessing calorie consumption in the
CTL group, with 10% or 30% fewer calories being provided per day during the following
week. Daily food rations were provided at noon each day for the calorie restricted groups.
The experimental period was 24 weeks. Body mass was evaluated at baseline, week four,
and every two weeks thereafter for the first 18 weeks of treatment. After 18 weeks of
treatment, half of the females were prepared for mating. These females began ad /ibitum
feeding at this point in preparation for mating, therefore body mass assessments were halted.
All procedures were approved by the Animal Experimentation Ethics Committee from the
Universidade Federal de Pelotas.

2.3. Embryo and ovary collections

Following 24 weeks of treatment, half of the mice in each group (7= 9) were IP injected
with equine chorionic gonadotrophin (eCG; 5 1U) five days prior to euthanasia and human
chorionic gonadotrophin (hCG; 5 1U) three days prior to euthanasia for synchronized
superovulation. Immediately following the hCG injections, all females were paired with
three-month old males and allowed to mate. Mice were fasted for 12 h and euthanized. After
euthanasia, embryos were then collected by washing the uterine tubes with saline solution.
Any female found to have at least one embryonic structure were considered responsive

to the synchronization protocol. From those females that were fertilized the total number

of embryos collected was recorded. Ovaries were also collected from these mice for the
evaluation of ovarian reserve and gene expression.

2.4. Histological assessment of ovarian reserve

Ovaries were collected and processed as previously described (Isola et al., 2020). Nine
sections (three from the distal end, three from the middle, three from the proximal end) from
each ovary (7= 5/group) were evaluated for follicular density. Only follicles with clearly
visible oocyte nuclei were counted. Follicles were classified as done previously (Isola et

al., 2020) The total number of follicles from each classification were then divided by the
total section area (mm2), thereby providing follicular density (follicles/mm?2) (Ansere et al.,
2021).

2.5. DNA damage by immunofluorescence

Immunofluorescence was performed to assess DNA damage in ovarian follicles as
previously described (Saccon et al., 2020).

2.6. Ovarian gene expression

Total ovarian RNA was extracted and processed as previously described (Stout et al., 2011).
B2m (Beta-2 microglobulin), Actb (Actin beta) and Ppia (Peptidylprolyl isomerase A) were
evaluated as candidate housekeeper genes using the geNorm software (Vandesonpele et
al., 2002). BZ2mwas found to be the most stably expressed gene and used as the internal
control. The target genes evaluated were Mfor (Mechanistic target of rapamycin kinase),
Kit (Proto-oncogene receptor tyrosine kinase), Kit/ (Kit ligand), Foxo3 (Forkhead box O3),
Amh (Anti-Mullerian hormone) /g7 (Insulin-like growth factor 1), £sr1 (Estrogen receptor
alpha) and Esr2 (Estrogen receptor beta). Relative gene expression was calculated using
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the comparative CT method (Livak and Schmittgen, 2001). Primer sequences used in these
analyses are shown in Table 1.

2.7. Fertility assessment

Following 18 weeks of treatment, the other half of the females, those females not randomly
selected to be subjected to superovulation (7= 9/group), were provided ad /ibitum access to
their respective diets for 10 days in order to restore normal ovulatory patterns (Selesniemi

et al., 2008). The group receiving 17a-E2 was kept under treatment for the whole period,
including pregnancy. After the refeeding period, the females were paired with three-month
old males and allowed to mate for a period of 14 days. One breeding cage in the 30%

CR group had to be excluded due to death of the male. Visibly pregnant females were
separated into individual cages. After birth, all pups were counted and weighed. The number
of females that delivered pups were used to calculate the pregnancy rate.

2.8. Statistical analysis

Results are presented as mean + SEM with p values less than 0.05 considered to be
significant unless otherwise specified. Normal distribution of data was evaluated using
the Shapiro-Wilk test. Differences between groups in body mass were evaluated using
the mixed procedure repeated measures test in SAS (Cary, NC, USA). Follicular density
was also compared using the mixed procedure test in SAS. Of note, different ovarian
histological sections were accounted for in the model as within subject replicates. The
remaining statistical analyses were performed using GraphPad Prism 8 software (La Jolla,
CA, USA). Variables expressed as a percentage, including pregnancy rate and percent of
females responsive to ovarian synchronization, were compared using the Chi square test.
The other continuous variables were compared using one-way ANOVA followed by the
Tukey post-hoc test.

3. Results

3.1. CR prevents gains in body mass more robustly than 17a-E2 in lean female mice

As expected, both regimens of CR (10% & 30%) reduced gains in body mass over the
treatment period as compared to ad /ibitum fed CTL mice (Fig. 1A). 30% CR immediately
affected body mass, whereas 10% CR only elicited effects after 6 weeks, and 17a-E2,
interestingly did not cause body mass differences from the CTL until 16 weeks of treatment
(Fig. 1A). As shown in Fig. 1B, the CTL mice increased their body mass by over 20%
during the course of the study, whereas 17a-E2 and 10% CR groups gained approximately
13% and 2% respectively, and 30% CR females lost 6% of body mass during this period.

3.2. Mild CR positively affects ovarian reserve

30% CR positively affected the ovarian reserve, as seen by the overall greater follicle density
in this group. However, no statistical difference was observed for primordial follicles, as
would be expected. This result can be due to the methodology used, which compares the
number of folliclessmm? and do not estimate the number of follicles in the ovary, which
makes the discrepancy less obvious. Moreover, 10% CR had an effect on the number of

both primordial and total follicles (Fig. 2). The overall number of follicles in the 17a-E2
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group, however, was similar to the control group, suggesting that 17a-E2 does not affect
the ovarian reserve. We also performed anti-yH2AX immunostaining, which is a marker of
DNA damage and observed no difference between groups for both primordial and primary
follicles (Fig. 3). We also assessed ovarian gene expression, and found no differences for
genes involved on the pathway of follicle activation (/gf, Mtor, Kit, Kitl, Foxo3), a fertility
marker (Amh) or the estrogen receptors (Esr1, Esr2) (Fig. 4).

In the absence of refeeding, CR decreases responsiveness to ovulatory

synchronization

The 30% CR group had a poorer response to the superovulation protocol than other groups
(33.33%), whereas the 10% CR group had an intermediate response (55.55%) and the CTL
and 17a-E2 groups had a higher and similar response (77.77% and 66.66%, respectively)
(Fig. 5A). Regarding the number of embryos recovered, no difference was observed among
groups (p = 0.985) (Fig. 5).

3.4. Both mild and moderate CR regimens increase pregnancy rates after refeeding

After 10 days of refeeding for the CR groups, we observed a pregnancy rate of 100%

in females submitted to 30% CR, while groups CTL and 17a-E2, presented a lower

rate (44.44%) and the group 10% CR presented an intermediate rate (77.77%) (Fig. 6).
Litter size was also similar among groups. The weight of neonates in the 17a-E2 group,
interestingly, was lower than that of the CTL group, although it was not different from the
CR groups (Fig. 6).

4. Discussion

In the present study we evaluated the effects of CR (10% & 30%) and 17a-E2 treatment on
ovarian reserve and female mice fertility. As a means of demonstrating tangible treatment
effects, we assessed body mass for comparison purposes. As expected, 30% CR immediately
prevented gains in body mass, whereas 10% CR required a longer duration of treatment
before effects on body mass were observed. 17a-E2 treatment also mildly prevented gains in
body mass but these effects were less pronounced when compared to the two CR regimens.
Our findings support previous reports demonstrating minimal, if any, effects on body mass
in wild-type females (Garratt et al., 2019; Mann et al., 2020a; Mann et al., 2020b; Sidhom

et al., 2021). In fact, 17a-E2 seems to fail eliciting beneficial effects in intact females.
Conversely, 17a-E2 has been found to prevent gains in body mass and adiposity, prevent
bone loss, and alter the metabolome in ovariectomized mice (Garratt et al., 2018; Mann et
al., 2020b), which suggests that the presence of functional ovaries and/or their endocrine
factors may attenuate 17a-E2 actions in females. However, previous studies from our group
have shown that life-extending strategies such as GH deficiency (Saccon et al., 2017), 30%
CR (Garcia et al., 2019) and rapamycin (Garcia et al., 2019) also result in improved ovarian
reserve. Therefore, we hypothesized that 17a-E2 could have some beneficial effect in the
reproductive axis or even a negative effect that would counterbalance its positive endocrine
effects in females.
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With regard to ovarian reserve, we observed an overall trend for a greater number of follicles
in both CR treatment groups as evidenced by more primordial and transition follicles in

the 10% CR group and more transition and primary follicles in the 30% CR group. In
addition, the 30% CR group had slightly higher total follicle density than the 10% CR group,
suggesting an incremental effect. Several previous studies have found that between 3 and 6
months of 30% CR increases the ovarian reserve (Garcia et al., 2019; Li et al., 2015; Xiang
etal., 2012; Liu et al., 2015). In the current study we did not find statistical differences in
the number of primordial follicles between 30% CR and the CTL group, although we did
observe more primary follicles in this group. This discrepancy could be due to differences

in methodological approaches for quantifying primordial follicles. Most previous reports
provide an estimation of the total number of follicles in the ovaries, whereas we report

the number of follicles in a given area of histological sections. Potential differences are

less obvious using our methodology. However, overall, both 10 and 30% CR improved
primordial/transition/primary follicle density compared to the control group, reflecting in
increased total follicle density, in line with previous evidence. Of note, 17a-E2 did not alter
ovarian reserve in this study, indicating its overall endocrine effect is not sufficient to affect
folliculogenesis.

Interestingly, 10% CR appears to have elicited protective effects on ovarian reserve
similarly to those seen in the 30% CR group, despite much milder effects on body

mass. This observation is aligned with previous reports demonstrating that mild CR in
preclinical studies can positively affect age-related parameters associated with disease
burden (Richardson et al., 2016; Duffy et al., 2001). We perceive this to be an important
observation because human compliance to more stringent CR regimens is poor (Ravussin
et al., 2015). In fact, most humans only achieve a small percentage of their prescribed
energy deficit (Flanagan et al., 2020), indicating that milder CR regimens may serve as an
effective alternative. In addition to evaluating ovarian reserve, we also assessed fertility in
this study. CR has previously been reported to modulate female fertility (Sun et al., 2021).
During the period when CR in employed, cyclicity is impaired due to CR-mediated effects
on the hypothalamus-pituitary-ovarian axis due to changes in gonadotrophin pulsatility (Sun
et al., 2021). However, female fertility is significantly enhanced during refeeding periods
that follow bouts of CR (Selesniemi et al., 2008; Sluczanowska-Glabowska et al., 2015).

In the current study, females that were used for embryo collection were not subjected

to refeeding prior to initiating the superovulation protocol because it provided additional
confirmation that our CR regimens were indeed modulating cyclicity. As expected, the 30%
CR group displayed a significant reduction in ovulation, in alignment with other reports in
the literature (Liu et al., 2015). Interestingly, 10% CR also reduced ovulation to a lesser
extent, although this finding did not rise to the level of statistical significance. Nevertheless,
despite fewer females responding to superovulation treatment in the CR groups, the mice
that did respond produced similar numbers of structures (oocytes/embryos) as those mice in
the CTL and 17a-E2 treatment groups. Response to synchronization and embryo numbers
were also not affected by 17a-E2, further indicating its lack of effect in the reproductive
axis.

In addition to the experiments outlined above, we also evaluated the effects of CR regimens
on fertility in mice that were subjected to a tenday ad /ibitum refeeding period. In alignment
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with previous reports (Selesniemi et al., 2008, Sluczanowska-Glabowska et al., 2015) we
found that both regimens of CR increased pregnancy rates, although the changes in the
10% CR group did not reach statistical significance. Litter sizes and pup birth weights were
not affected by either CR regimen following the refeeding period, suggesting that lower
body masses during pregnancy did not adversely affect the ability of females to carry and
deliver multiple pups. Females provided 17a-E2 did not display any changes in pregnancy
rates, although pup birth weights were found to be lower, which has been associated with
poor health outcomes (Beauchamp et al., 2015). Future studies will be needed to determine
if 17a-E2 treatment during pregnancy adversely affects pup morbidity during maturation
and adulthood. Despite the fact that CR clearly improved ovarian reserve and fertility in
our studies, the underlying mechanism(s) promoting these benefits remain unclear. Previous
studies have linked the protective effects of CR to declines in ovarian DNA damage and
oxidative stress (Luo et al., 2017), which certainly contribute to improvements in follicle
number and quality (Prasad et al., 2016; Selesniemi et al., 2011). However, we did not
observe difference in primordial or primary oocyte DNA damage, or any transcriptional
changes in genes associated with follicle activation or fertility. Future studies will need

to explore alternative mechanisms by which mild CR may be modulating ovarian reserve,
including its effects on mTOR activity. The suppression of mTOR activity in the ovary
decreases primordial follicle activation, thereby extending ovarian reserve (Li et al., 2015).
This has been linked to declines in FOXO3a phosphorylation, which is the primary signal
for the activation of dormant primordial follicles (Saccon et al., 2017; Castrillon et al.,
2003). To date, it remains unclear if mild CR regimens also modulate mTOR and FOXO3a
activity in the ovary.

There are a few notable limitations to our studies. First, the methodology used to assess
follicle reserve consists of counting of follicles/mm? on histological sections, which often
times leads to less obvious differences between groups as compared to estimating the overall
number of follicles in the ovary. Despite not being the best methodology for comparing
different treatments in age matched mice, our approach provides an exact quantification

of different follicle types within the sections being evaluated. Secondly, the females being
evaluated in these studies for changes in DNA damage responses were relatively young

(9 months old), which may explain why we did not observe a beneficial effect of CR.

Also, transcriptional analyses were done in whole ovarian extracts, therefore it prevents us
from making any conclusions related to cell-type-specific mechanisms of ovarian aging.
Lastly, the fertility assessments were not similar for all groups, since CR was withdrawn
and 17a-E2 was maintained prior to mating and during pregnancy, explaining the higher
pregnancy in CR groups. Also, we did not measure endocrine markers during estrous cycle
and pregnancy. However, CR is known to impair the hypothalamus-pituitary-ovarian axis
and the ovulation rate and estradiol/progesterone levels (Sun et al., 2021). However, the
results suggest that 17a-E2 does not have deleterious effects on the reproductive axis, as
the fertility was similar to the control group. Despite these limitations, this is the first report
to our knowledge that demonstrates that mild CR can prolong ovarian reserve and increase
fertility in female mice.
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Fig. 1.

Calorie restriction (CR) and 17a-E2 differentially modulate body mass in female mice. (A)
Body mass and (B) % change in body mass in female control (CTL) mice and those treated
with 17a-E2 or CR regimens (10% or 30%) for 18 weeks starting at 12 weeks of age. All
data are presented as mean + SEM and were analyzed by repeated measures ANOVA or
one-way ANOVA where appropriate. Different letters indicate statistical differences (o <
0.05) between groups (7= 18/group).

Exp Gerontol. Author manuscript; available in PMC 2022 March 14.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Isola et al.

Page 13

A5Primordial Follicles B5Transition Follicles cs:Primary Follicles

b
b
4 4- i 4-
& |2 a a £, b ‘E
£ o - {— £ 34 ° v E
$ 4 8 3b % 8
2 2- X 2 2- I 2
: r 3 1 E
- - A N/
1 1 A
0_ 0~ 9 Q N NP
> & «\' <o ) «V < "b
D 5Secondary Follicles E5 Tertlary Follicles 15F Total Follicles
c
4- 4- b "
NE NE NE - AC .
E 3- E 3- £ 2 - T
(7] (7] (7] ° v
9 9 2
L 24 O 2+ L2 v
E A, v E Y E =
1- I == 1- - A
A M i. !:E T ‘ v
A v
0 Y O O 0- v ;‘ N 0- Y O O
«V D «V G D R & PP
4\0‘ o Q' ,\0" o Q' 0 4\0‘ o Q'

Fig. 2.
Both mild (10%) and moderate (30%) calorie restriction (CR) regimens positively affect

ovarian reserve. Number of primordial (A), transition (B), primary (C), secondary (D),
tertiary (E) and total follicles (F) per section area (mm?2) from female control (CTL) mice
and those treated with 17a-E2 or CR regimens (10% or 30%) for 24 weeks starting at

12 weeks of age (7= 9 sections/mouse; 5 mice/group). All data are presented as mean +
SEM and were analyzed using the mixed procedure test in SAS. Different letters indicate
statistical differences (p < 0.05) between groups.
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Fig. 3.

Caglorie restriction (CR) and 17a.-E2 fail to reduce DNA damage in the oocyte of primordial
and primary follicles. Average fluorescence intensity of yH2AX immunostaining in oocytes
from (A) primordial and (C) primary follicles from female control (CTL) mice and those
treated with 17a-E2 or CR regimens (10% or 30%) for 24 weeks starting at 12 weeks of
age. Representative images demonstrate yH2AX protein (green) and blue represent DAPI
staining of genetic material in (B) primordial and (D) primary follicles. The dashed pink
line represents the follicles being evaluated, whereas the line arrows point out the nuclei
being evaluated. The images are stacked slices in the maximum projection mode, at a 400x
magnification in a TCS SP8 CLSM Leica microscope. Values presented are averages of 3
follicles nuclei for each mouse (7= 5 mice/group). All data are presented as mean + SEM
and were analyzed by one-way ANOVA.
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Fig. 4.

Relative Expression

Page 15

D Foxo3a

Calorie restriction (CR) and 17a-E2 did not alter the expression of genes related to

fertility and follicle activation. Relative expression of (A) Mfor (Mechanistic target of
rapamycin kinase), (B) Kit (Proto-oncogene receptor tyrosine kinase), Kit/ (Kit ligand),
Foxo3 (Forkhead box 03), Am#h (Anti-Mullerian hormone), /gfZ (Insulin-like growth factor
1), Esr1 (Estrogen receptor alpha) and £sr2 (Estrogen receptor beta) in ovaries of female
control (CTL) mice and those treated with 17a-E2 or CR regimens (10% or 30%) for 24
weeks starting at 12 weeks of age (7= 9/group). All data are presented as mean + SEM and

were analyzed by one-way ANOVA.
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Fig. 5.
Calorie restriction (CR) decreases % of females responsive to superovulation treatment, but

does not affect the number of structures (oocytes/embryos) produced by those that respond.
(A) Percentage of females that had at least one embryo or oocyte recovered by uterine
flushing after ovulation induction and mating (n = 9/group) and (B) number of embryos
produced by those that responded to the protocol and were fertilized (7=5 CTL; 6 17a-E2;
5 CR10; 3 CR30) among female control (CTL) mice and those treated with 17a-E2 or CR
regimens (10% or 30%) for 24 weeks, starting at 12 weeks of age. (A) data are presented

in % and were analyzed by Chi-square (7/9 CTL; 7/9 17a-E2; 5/3 CR10; 3/9 CR30), (B)
data are presented as mean + SEM and were analyzed by one-way ANOVA. Different letters
indicate statistical differences (v < 0.05) between groups.
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Fig. 6.

After refeeding, calorie restriction (CR) increases pregnancy rate in female mice. Pregnancy
rate (A), litter size (B), pup birth weight (C) from female control (CTL) mice and those
treated with 17a.-E2 for 24 weeks or CR regimens (10% or 30%) for 18 weeks starting at

12 weeks of age and then refed for 10 days before mating. A) data are presented in % and
were analyzed by Chi-square (4/9 CTL; 4/9 17a-E2; 7/9 CR10; 6/6 CR30), (B & C) data are
presented as mean £ SEM and were analyzed by one-way ANOVA. Different letters indicate
statistical differences (p <0.05) between groups.
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