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Ovarian stimulation with equine chorionic gonadotropin (eCG) is largely used in animal
reproductive technologies to provide a larger number of oocytes and embryos and to
improve the reproductive outcome. However, the consequences of maternal treatment with
eCG on embryo gene expression patterns are notwidely studied. The aim of this workwas to
assess the ovarian response (preovulatory follicular population, oocyte maturation, ovula-
tion rate, and serum steroid concentrations), the early embryo survival and gene expression
patterns of a panel of quality-genes involved in glucose intake, oxidative stress, apoptosis,
proliferation, implantation, and fetal growth in embryos of lactating rabbits treated with
eCG. A total of 34 primiparous rabbit does (Oryctolagus cuniculus) were randomly distributed
at Day 23 postpartum into a treatment group receiving a unique nonsuperovulatory dose
(25 IU) of eCG (eCGgroup;N¼17does); or a control groupwithout eCG treatment previously
to artificial insemination (control group; N ¼ 17 does). After 48 hours, 8 does of each group
were euthanized and their ovarian responsewas studied. The rest of animalswere artificially
inseminated and their ovulation was induced with a GnRH analogue. Embryos were recov-
ered 3.5 days later. The oocytes retrieved for in vitro maturation showed no differences in
metaphase II rate in both experimental groups, although oocyte cytoplasmic maturation, in
terms of cortical granule migration rate, was improved in eCG-treated does (P < 0.05). The
mean number of preovulatory follicles was similar between groups but the ovulation rate
was significantly higher in eCG-treated does compared with does not stimulated (P< 0.05).
No differences were found in serum estradiol and progesterone concentrations of does the
day of oocyte and embryo recovery, respectively. However, progesterone:estradiol ratio was
slightly increased in eCG group on embryo recovery day (P¼ 0.1). The percentage of embryos
recovered at the blastocyst stage was also increased in eCG-treated does (P < 0.05), never-
theless, therewere no differences in the gene expressionpatterns of candidate genes SLC2A4,
IGF1R, IGF2R, SHC1-SHC, TP53, PTGS2, and PLAC8; except for the transcripts of SOD1 mRNA
which were downregulated in eCG-derived embryos (P < 0.05). In conclusion, the admin-
istration of eCG improves ovulation rate, oocyte cytoplasmic maturation, and blastocyst
formation in primiparous rabbit does inseminated on Day 25 postpartum. Although it seems
not to influence the gene expression patterns studied, a lower antioxidant defense of
embryos developed after the maternal eCG treatment is suggested.
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1. Introduction mRNA transcripts of some genes as prostaglandin-
endoperoxide synthase 2 (PTGS2) and placenta-specific 8
Ovarian gonadotropin stimulation is routinely admin-
istered in animal reproductive technologies for estrus
synchronization and multiple ovulation and embryo
transfer protocols to encourage follicular growth and
generate more developmentally competent oocytes. The
action of eCG (equine chorionic gonadotropin) is analogous
to that of follicle stimulating hormone (FSH) and luteiniz-
ing hormone (LH) enhancing final follicular development.
This gonadotropin requires a single administration because
it has a relatively long circulating half-life [1]. Therefore,
the application of this hormone is largely used in livestock
industries as a source of exogenous FSH and LH to increase
preovulatory follicular population, female receptivity, and
reproductive success, and also in animal laboratory
research for supplying oocytes for somatic cell nuclear
transfer, animal cloning, and transgenesis [2–4]. In rabbit
breeding, eCG is usually applied for improving follicular
development and as a method for estrous synchronization
in high-yield lactating animals because lactation exerts an
inhibitory effect on ovarian function, especially in primip-
arous does [4,5]. Moreover, gonadotropin stimulation
protocols can modify peripheral estradiol (E2) and proges-
terone (P4) concentrations, as well as their ratio (P4:E2), and
therefore, the environment in which oocytes and embryos
are developed [6,7]. Indeed, the eCG administration seems
to mediate cytoplasmic oocyte maturation supporting
monospermic fertilization and early embryo development
[8,9]. However, evidence from other studies indicates that
it could reduce embryo development in rabbits [10], and
implantation rate, fetal development, and fetal weight in
mice [6], and also can provoke ovarian anomalies [11].
Nowadays, the effect of this hormone on embryo quality is
still controversial.

Gene expression patterns in early stage embryos rely
mostly on the posttranscriptional control of maternal
transcripts accumulated during follicular development and
oocyte maturation [12]. Consequently, synthetic gonado-
tropins such as eCG could induce changes in the maternal
periconceptional environment that might provoke epige-
netic modifications affecting expression of genes that
control embryo metabolism and early embryo develop-
ment. In fact, some important events such as proliferation,
differentiation, implantation, or apoptosis in early embryos
are mediated by specific expression and quantity of
numerous transcripts. Such marks can predict the fertility
prognosis, fetal growth, and the health of future offspring
[13]. However, the consequences of eCG application on
embryo gene expression patterns are not yet elucidated.
Candidate genes such as solute carrier family 2 (facilitated
glucose transporter) member 4 (SLC2A4) and insulin-like
growth factor 1 receptor (IGF1R) mediate cell proliferation
and differentiation from the morula to the blastocyst stage
in rabbit [14,15] andmice [16,17]. The IGF1R and insulin-like
growth factor 2 receptor (IGF2R) transcripts are also
considered as markers for fetal growth rate [18,19]. On the
other hand, an adequate nitric oxide synthase 3 (endothe-
lial cell) (NOS3) production by embryos is necessary to
provide an adequate blood supply to the site of blastocyst
implantation [20]. This together with an upregulation of
(PLAC8) in blastocysts can be a tool to predict successful
pregnancy and delivery in cattle [21]. Moreover, it is known
that metabolic and endocrine changes in the periconcep-
tional environment can induce an oxidative stress in
embryos and reduce their quality [22]. It is reflected by
expression of genes related with antioxidant defense as
superoxide dismutase 1 soluble (SOD1) and apoptotic
pathways associated with oxidative stress as Src homology
2 domain containing transforming protein 1(SHC1-SHC)
and tumor protein 53 (TP53), which upregulation is linked
with subsequent increasing of fetal losses and fetal mal-
formations in cattle and mice [23,24].

Taking into account these premises, it shouldbe advisable
tousehormoneprotocols basedon theunderstandingofhow
they affect the oocyte competence and the yield, quality, and
gene expression patterns of early embryos routinely
produced in laboratory and farm animals. However, as far as
we know, there is scarce literature about the consequences of
maternal eCG administration on embryo gene expression
patterns [25], and no reports existing in the rabbit specie. In
this sense, rabbit is considered as a valuable animalmodel to
study such effects for economic reasons in livestock indus-
tries and also for biomedical research, because of the precise
timing of ovulationwhich allows the knowledge of the exact
embryonic age and also for the high number and size of
embryos available [26].

Thus, the aim of the present work was to determine if
a single dose of eCG administered before ovulation can
change the relative abundance of a panel of quality genes,
involved in important aspects of glucose intake, oxidative
stress, apoptosis, mitogenic capacity, implantation, and
fetal growth in the rabbit blastocyst. Besides, serum estra-
diol and progesterone concentrations, preovulatory follic-
ular population, nuclear and cytoplasmic oocyte
maturation, ovulation rate, and early embryo development
were assessed to increase the understanding of the rela-
tionship between maternal periconceptional changes and
early embryo responses, and to provide insight to the origin
of oocyte and embryo alterations that could be of relevance
for the reproductive strategies in animals and humans.

2. Material and methods

Unless otherwise stated, all the chemicals were
purchased from Sigma Chemical Company (Spain). Exper-
imental procedures were approved by the Animal Ethics
Committee of the Polytechnic University of Madrid (Spain)
and were in compliance with the Spanish and European
guidelines for care and use of animals in research [27,28].

2.1. Animal housing and experimental design

New Zealand� Californiawhite rabbit does (Oryctolagus
cuniculus) were held on the experimental facilities at the
Animal Production Department, Polytechnic University of
Madrid (Spain). Animals were housed in individual flat-
deck cages under a constant photoperiod of 16 hours of
light per day. A temperature of 18 �C to 22 �C and a relative
humidity of 60% to 75% were maintained by a forced
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ventilation system. Does were fed ad libitum commercial
diet (Nanta S.A., Madrid, Spain) containing 16.9% crude
protein, 15.7% crude fiber, and 2.5% fat; the digestible
energy of the diet was 2700 kcal/kg. The animals had free
access to water.

To evaluate the ovarian response to the eCG treatment,
a total of 34 primiparous lactating rabbit does were used.
Day 23 postpartum females were randomly allocated into
one of the following two groups: (1) eCG group (N ¼ 17):
rabbit does were subjected to a common treatment used in
European rabbit facilities based on the administration of
a standard dose of eCG (25 IU, im) (Serigan, Lab., Ovejero,
Spain) and as previously has been reported by our group
[4,29]; (2) control group (N ¼ 17): rabbit does were not
treated with eCG.

On Day 25 postpartum, the ovaries of nine does from
each experimental group were recovered by midventral
laparotomy after euthanasia in a hermetically closed CO2
chamber. Morphologic ovarian features (ovary weight and
number of preovulatory follicles) were recorded before
using the ovaries for the assessment of oocyte nuclear and
cytoplasmatic in vitro maturation.

The rest of the does (eight does per group) wereweaned
and artificially inseminated using a pool of fresh hetero-
spermic semen between 20 and 25 million spermatozoa in
0.5 mL of commercial diluent (Magapor S.L., Zaragoza,
Spain). Ovulation was induced by 20 mg gonadorelin im
(Inducel GnRH, Lab. Ovejero, León, Spain). Preimplanta-
tional embryos were recovered in all animals inseminated
3.5 days later by flushing both reproductive tracts after
euthanasia in a hermetically closed CO2 chamber. To assess
theovulation rate, thenumberof corpora lutea in theovaries
was counted.

2.2. Blood sampling and serum steroid concentrations

Serum E2 and P4 determinations were performed on the
day of oocyte and embryo recovery. Blood samples were
collected from the marginal ear vein into nonheparinized
tubes at 9:00 AM. Serumwas obtained after centrifugation at
1200� g for 10 minutes at 4 �C and stored at �32 �C until
analyzed. Serum E2 and P4 concentrations were measured in
duplicate samples by solid-phase enzyme immunoassay
based on competitive binding method using Rabbit Estradiol
and Rabbit Progesterone ELISA Kits, respectively, according
to the manufacturer instructions (Endocrine Technologies,
CA, USA). The sensitivity of the assays was 5 pg/mL and 0.1
ng/mL for E2 and P4, respectively. Intra- and interassay
coefficients of variation were 10.5% and 8.5% for E2, and 8.5%
and 7.5% for P4, respectively. The P4:E2 ratio was calculated as
P4 divided by E2, both in ng/mL, although otherwise the E2
levels were expressed in pg/mL.

2.3. Oocyte collection and in vitro maturation

The ovaries were placed in PBS at 37 �C and transported
to the laboratory. Cumulus oocyte complexes (COC) were
obtained by aspiration with a 2 mL syringe and a 25 ga
needle from ovarian follicles �1 mm in size. A total of 268
COC with compact cumulus cells and homogeneous cyto-
plasm were washed and placed in 500 mL of maturation
medium in four-well dishes (Nunclon Surface, Nunc, Ros-
kilde, Demark) and cultured for 16 hours at 38 �C under an
atmosphere of 5% CO2 in air with maximum humidity. The
maturation medium consisted of tissue culture media
(TCM-199) with 2 mM L-glutamine, 0.1 mg/mL sodium
pyruvate supplemented with 10% v:v fetal calf serum, 10
ng/mL epidermal growth factor, and 100 ng/mL insulin
growth factor according to previous reports [30,31].

2.4. Assessment of oocyte nuclear and cytoplasmic
maturation

After the maturation period, COC were treated for the
confocal study as previously reported [32]. First, cumulus
cells were removed in 2 mM hyaluronidase by gentle
pipetting. Next, oocytes were treated with 0.5% wt/vol
pronase to digest the zona pellucida, fixed in PBS containing
4%wt/vol paraformaldehyde solution, and stored in PBS at 4
�C. Oocytes were washed with 0.02% v:v Triton X-100 and
treated for 40 minutes with 7.5% wt/vol bovine serum
albumin (BSA). Then they were incubated for 30 minutes at
room temperaturewith 100 mg/mL lens culinaris fluorescein
isothiocyanate for cortical granule (CG) staining and for 15
minutes at 39 �C with 10 mg/mL propidium iodide for
nuclear staining. After that, oocytesweremounted between
a coverslip and a glass slide supported by paraffin columns
and examined under a confocal laser-scanning microscope
(Leica, TCS SP5,Wetzlar, Germany). Nuclearmaturationwas
measured in terms of metaphase II rate and cytoplasmic
maturation in terms of peripheral CG migration. Oocytes
that showed CG positioned just beneath the plasma
membrane were considered cytoplasmically matured.

2.5. Assessment of ovulation and embryo development

Embryos were recovered by flushing the reproductive
tract with warm PBS and 0.1% BSA wt/vol. Morphology of
embryos was evaluated immediately after recovery with
a stereomicroscope (Nikon, SMZ 800, Tokyo, Japan) and
they were then classified on the basis of conventional
morphological criteria according to their developmental
stage following the guidelines of the International Embryo
Transfer Society. Rate of blastocysts recovered and degen-
erated or retarded embryos (embryos whose stage of
development did not correspond to time after ovulation,
i.e., zygotes, two- to 16-cell embryos, and early morulae)
were referred to the total number of recovered embryos.
Blastocysts were immediately snap-frozen in liquid
nitrogen and stored at �80 �C for transcript abundance
analysis.

2.6. RNA extraction, reverse transcription, and quantification
of mRNA transcript abundance

Poly (A) RNA was prepared as previously described by
Bermejo-Alvarez et al. [33] from groups of 10 to 11 blas-
tocysts of each experimental group (N ¼ 61 and N ¼ 71, in
control and eCG groups, respectively) using the Dynabeads
mRNA Direct Extraction KIT (Dynal Biotech, Oslo, Norway)
following the manufacturer’s instructions with minor
modifications. The reverse transcription (RT) reaction
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(Bioline, Ecogen, Madrid, Spain) was carried out using poly
(T) primer, random primers, and Moloney murine
leukaemia virus reverse transcriptase enzyme in a total
volume of 44 mL to produce cDNA. Tubes were heated to
70 �C for 5 minutes to denature the secondary RNA struc-
ture and then the RT was completed with the addition of
100 units of Superscript RT enzyme. The samples were
subsequently incubated at 42 �C for 60minutes to allow the
reverse transcription of RNA, followed by 10 minutes at
70 �C to denature the RT enzyme. The quantification of all
mRNA transcripts was carried out by real-time quantitative
RT polymerase chain reaction (PCR). Two repetitions were
performed for all genes of interest in each sample. Exper-
iments were conducted to contrast relative levels of each
transcript and histone H2AFZ that is the housekeeping
gene. The PCR was performed by adding a 2 mL of each
sample to the PCR mix containing the specific primers to
amplify the housekeeping gene, H2AFZ, and several tran-
scripts which have been associated with aspects of embryo
quality including glucose intake, embryo survival, and fetal
growth: SLC2A4, IGF1R, and IGF2R; vascularization for
implantation: NOS3; pregnancy outcome: PTGS2 and
PLAC8; antioxidant defense: SOD1; and apoptotic pathways
associated with oxidative stress: SHC1-SHC and TP53.
Primer sequences and the approximate sizes of the
amplified fragments of all transcripts are shown in Table 1.
Polymerase chain reaction conditions were optimized to
achieve efficiencies close to 1 and then the comparative
cycle threshold method was used to quantify expression
levels as described by Schmittgen and Livak [34]. Quanti-
fication was normalized to the endogenous control H2AFZ.
Fold changes in the relative gene expression of the target
were determined using the formula 2�DDCT.
2.7. Statistical analysis

Trial data were analyzed as a completely randomized
design using the SPSS program for Windows (SPSS 19.0,
SPSS Inc., NY, USA). Means of ovarian weight, number of
Table 1
Oligonucleotic sequences used for amplification of RT-qPCR.

Gene Primer sequence (50–30)

H2AZ AGGACGACTAGCCATGGACGTGTG
CCACCACCAGCAATTGTAGCCTTG

SLC2A4 GGCGGCATGATTTCCTCC
GAAGGGCAGCAGGATCAGCT

IGF1R CCCAAGCTCACGGTCATCACTG
ATGGGCTTCTCCTCCAAGGTCC

IGF2R AGCCCTCTGCTGCGTGCTTG
TCACGTCGTGCTGCTGGCTG

NOS3 CTGCTCCACGTGGCTGAGCC
ACATGTGGCCGCGTTCGAGG

PTGS2 TCCAAGCTGGCCTCACTGATGG
AGCATGTGTGTGGCCCGACTTG

PLAC8 ACTGGCAGACGGGCGTATGTG
AGGGATGCCGTATCGGGTCC

SHC1-SHC GGTTCGGACAAAGGATCACC
GTGAGGTCTGGGGAGAAGC

TP53 GTGCTGACCAGGGACACGGC
CTGCACCAGGGCAGACCAGC

SOD1 GCAGGCAGCAATGGTGTCGC
GCCGGCGTTCCCGGTCTTTG

Abbreviation: RT-qPCR, reverse transcription quantitative polymerase chain rea
preovulatory follicles, and corpora lutea, serum estradiol,
and progesterone concentrations, P4:E2 ratio, and differ-
ences in mRNA expression were compared between
experimental groups by protected Student t test for inde-
pendent samples. Chi-square test was carried out to
compare nuclear maturation and cortical granulemigration
index of in vitro matured oocytes, as well as morphologic
categorization of recovered embryos between experi-
mental groups. All results are expressed as the mean �
SEM, and statistical significance was accepted for P < 0.05.

3. Results

3.1. Serum estradiol and progesterone concentrations

Serum estradiol (Fig. 1A) and progesterone concentra-
tions (Fig.1B) were similar between control and eCG groups
at oocyte and embryo recovery time, respectively. The P4:E2
ratio was similar between eCG and control does the day of
oocyte recovery (Fig. 1C). However, P4:E2 ratio tended to
increase in the eCG does group at embryo recovery time
(P ¼ 0.1) (Fig. 1C).

3.2. Ovarian weight, follicular preovulatory population, and
oocyte maturation

As shown in Table 2, mean ovarian weight in the eCG
group was similar to the control group. Significant differ-
ences were not found in the mean number of preovulatoy
follicles. The percentage of metaphase II oocytes after
in vitromaturation did not differ between the experimental
groups, but percentage of oocytes with correct cortical
granulemigrationwas significantly higher in the eCG group
compared with the control group (P < 0.05).

3.3. Ovulation rate and in vivo embryo categorization

As is depicted in Table 3, ovulation rate, in terms of
number of corpora lutea counted on the ovarian surface
Fragment size, base pairs GenBank accession number

212 NM_016750

396 NM_001089313.1

323 EF616472.1

349 XM_002714965.1

390 HM_135204.1

169 NM_001082388.1

150 XM_002717063.1

331 NM_001075305

223 NM_001082404.1

139 HM_001082627.1

ction.



Fig. 1. Serum estradiol (A) and progesterone (B) concentrations and progesterone:estradiol (P4:E2) ratio (C) from rabbits treated with eCG (eCG group) or
nontreated (control group) at oocyte recovery time (48 hours after eCG administration; N ¼ 9 does per group) and at embryo recovery time (3.5 days after
artificial insemination; N ¼ 8 does per group). Error bars represent SEM. * P ¼ 0.1.
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was higher in the eCG group compared with the control
group (P < 0.05). A total of 147 embryos were recovered
(N ¼ 72 and N ¼ 75 in control and eCG groups, respec-
tively). The average number of embryos recovered per doe
was similar between groups (8.0 � 2.6 vs. 8.7 � 3.0, in
control and eCG groups, respectively). The percentage of
blastocysts was higher in the eCG group than that observed
for the control group (P < 0.05). The percentage of
degenerated or retarded embryos was lower in eCG-treated
does compared with nontreated does (P < 0.05).

3.4. Transcript abundance of quality-related genes in
blastocysts

The relative abundance of the transcripts studied is
shown in Figure 2. Transcripts of SOD1 mRNA were
downregulated in the eCG group compared with the
control group (P < 0.05). There were not differences in the
gene expression patterns of SLC2A4, IGF1R, IGF2R, NOS3,
PTGS2, PLAC8, SHC1-SHC, and TP53 in blastocysts of both
experimental groups.

4. Discussion

This study provided evidence of the ovarian response
and gene expression patterns of rabbit blastocysts when an
eCG treatment was used before induction of ovulation and
AI as a reproductive strategy of ovarian stimulation. The
results demonstrated that first administration of eCG
improved ovulation rate, oocyte cytoplasmic maturation,
and the blastocyst yield in primiparous does. It seemed not
to have an influence on gene expression patterns in blas-
tocysts compared with untreated females; but a lower
antioxidant defense of early embryos developed after eCG
administration was suggested.
Table 2
Ovarian features and oocytematuration in control and eCG-treated rabbits
does 48 hours after eCG administration.

Control (N ¼ 9) eCG (N ¼ 9)

Ovary weight (mg) 317.0 � 23.3 346.0 � 26.1
Mean preovulatory follicles per

ovary (N)
6.9 � 0.3 7.8 � 0.5

Oocytes with metaphase II (%) 70.4 59.2
Oocytes with CG migrated (%) 25.8a 42.9b

Data are mean � SEM. Within rows, values with different superscript
letters differ significantly (P < 0.05).
Abbreviation: CG, cortical granule.
In agreement with previous results, the current work
demonstrated that rabbit does treated with a stimulatory
dose of eCG did not modify the number of preovulatory
follicles although their ovulation rate was significantly
improved compared with nontreated animals [9,35]. In this
sense, Rebollar et al. [4] showed similar serum FSH and LH
concentrations in eCG treated and nontreated lactating
rabbits before AI. Also similar LH peakwas observed in such
study. However, in current work the differences in ovula-
tion rate and oocyte competence might have been because
of the eCG-enhanced responsiveness of granulose cells to
LH by an increase of mRNAs encoding LH receptor and
epidermal growth factor-like factors, as occur in pig [36]
and mice [37,38]. Nuclear maturation rate was similar in
oocytes regardless of the treatment, which indicates that
eCG might not be significantly determined by the capacity
of the oocyte to achieve metaphase II stage before ovula-
tion. However, our results show that the developmental
competence acquired at the end of follicular development
could be enhanced in oocytes of eCG-treated does
compared with those not treated, because a significant
improvement in cytoplasmic maturation of oocytes were
found in such group, as it was previously described in the
cat [8]. Moreover, it is known that the developmental
competence of oocytes is certainly determined by the rate
of development to the blastocyst stage [39]. In this line, the
higher ovulation rate in eCG-treated rabbits was also
accompanied with a significantly higher rate of blastocysts
recovered in such animals in agreement with previous
reports [9]. According with these findings, Rebollar et al. [5]
showed that prolificacy was improved in primiparous does
treated first time with eCG compared with control does.
However, high degrees of variability in gonadotropin
responses associated with the oocyte competence of
oocytes, embryos, and the reproductive outcomes are
Table 3
Ovulation rate and embryo yield in control and eCG-treated rabbits does
3.5 days after ovulation induction and artificial insemination.

Control (N ¼ 8) eCG (N ¼ 8)

Ovulation rate per doe, N 14.2 � 0.6a 19.3 � 1.8b

Embryos recovered, N 72 75
Blastocyst, N (%) 61 (84.7)a 73 (97.3)b

Retarded or degenerated
embryos, N (%)

11 (15.3)a 2 (2.7)b

Data are mean � SEM. Within rows, values followed by different super-
script letters differ significantly (P < 0.05).



Fig. 2. Relative poly (A) mRNA abundance of the genes studied in blastocysts recovered from rabbits does treated with eCG (eCG group; N ¼ 8) or nontreated
(control group; N ¼ 8) 48 hours before ovulation induction and AI. Embryos were recovered 3.5 days after AI. Bars with different letters differ significantly
(P < 0.05). Error bars represent SEM.
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reported in the literature. It seems to depend on the phys-
iological status of the animals, age, breeding, and hormonal
preparation. In this way, other authors have reported that
hormonal synchronization with eCG is associated with
a decrease in oocyte competence in ewes [40] and rabbits
[10,29] and with oocyte structural abnormalities in heifers
[41,42]. These observations can be explained by the pro-
longed double activity of FSH and LH of the eCG prepara-
tion, which can induce premature luteinization of follicles
in cattle [43] causing ovulation of aged oocytes [44] and
adversely affects the endometrial receptivity for implanta-
tion in rabbit [45]. In this sense, the serum E2 and P4
concentrations obtained in the present work were similar
to previously reported by our group [46] and no signs of
early luteinization was found in the eCG-treated does
because on the day of oocyte recovery the P4:E2 ratio was
similar between experimental groups. Nevertheless,
a slight increase in the P4:E2 ratio in the eCG-treated does
was found at embryo recovery time, which matches with
the findings of Rebollar et al. [5]. High concentrations of
circulating progesterone in the early luteal phase have also
been associated with an advancement of conceptus elon-
gation and higher pregnancy rates in cattle [47].

Although the number of blastocysts obtained in eCG-
treated does was higher than in the control does, the
transcripts of candidate genes related to some aspects of
metabolism and development were similar in both exper-
imental groups. The SLC2A4 acts as a survival factor being
necessary for blastocyst formation in rabbit because
embryos have access to maternal glucose via SLC2A4
[14,15,48]. Therefore, cell proliferation and differentiation
mainly from the morula to blastocyst stage in rabbit are
mediated by specific expression of glucose transporters as
SLC2A4. The IGF1R is generally considered to mediate most
biological effects of IGF1 and IGF2 [49], which also acts as
a mitogenic factor on rabbit [14,15] and mice embryos [17].
Consequently, similar expression of both transcripts could
indicate a similar capacity of proliferation and differentia-
tion of blastocysts developed in both experimental groups.

To predict the chance of those blastocysts for implan-
tation, successful pregnancy, and delivery, NOS3, PTGS2,
and PLAC8 transcripts were assessed. Endothelial NOS3 is
required to provide an adequate blood supply to the site of
blastocyst implantation [20]. Prostaglandins are also
involved in the modulation of the endometrial implanta-
tion site [50], as a result of an intense proliferation of
trophoblastic cells [51,52]. Moreover, an invasion specific
gene (PLAC8), is upregulated in blastocyst resulting in calf
delivery, suggesting a potential role of this gene in placenta
development and fetus maternal interphase [21]. In this
way, similar mRNA levels between our experimental
groups might indicate no significant effect of eCG on the
expression of transcripts involved in such events in pre-
implantational rabbit embryos. In accordance with present
results, Edwards et al. [25] did not observed any differences
on embryo quality or embryo gene expression after eCG
treatment in mice. In line with these findings, IGF2R gene
expression was also similar between groups in the current
work. It is a maternal imprinted gene that regulates the
growth of developing embryo in utero modulating IGF2
availability [53]. A previous report also showed that the
number of survival embryos at midpregnancy did not vary
with the eCG treatment in rabbit [9]. In contrast, higher
number of degenerated embryos and decreased pregnancy
rates, fetal weight, and fetal maturity were found in rabbits
and mice when stimulation with FSH or eCG was used
[35,54]. Some authors have postulated that it could be
because of an acceleration of endometrial maturation as
a consequence of a premature luteinization more than an
effect on embryo quality [45,55]. However, as it is
mentioned before, in the present work no sign of early
luteinization was observed.

Nevertheless, in our study, the gene expression of SOD1
was increased in the control group with regard to the eCG
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group. It is involved in antioxidant defense and serves to
protect against superoxide anion toxicity [56]. Our finding
might reflect a higher capacity of the control blastocysts to
maintain the balance between oxygen radicals and anti-
oxidants compared with blastocysts of eCG-treated does
[57]. In fact, the development of all embryos from SOD1-
deficient oocytes was arrested at the two-cell stage [58]. In
mice embryos, the repeated treatment with gonadotropins
induced oxidative stress [59]. In rabbits, it has been re-
ported increased fetal mortality [9] and reduced fertility
rate of rabbit does when more than four eCG administra-
tions are applied [5,54,60,61]. However, the SHC1-SHC and
TP53 expression was not upregulated in embryos of any
experimental group in the current work. Then, we can
assume that the first administration of eCG in rabbit does
did not significantly stimulate such apoptotic pathways
associated with oxidative stress in their blastocysts [23,24],
but taking into account the literature and the differences in
gene expression of SOD1 in the present work we could not
discard other oxidative stress-induced apoptotic pathways
at blastocyst stage [62] in primiparous does. Such oxidative
events might be implicated in the reduced prolificacy and
fertility rates observed in females when eCG administration
is used repeated and consecutive times. This is the first
work that investigated this relationship but further studies
are warranted in order to deepen our knowledge regarding
gene expression patterns and oxidative stress when
hormonal treatments are used in the reproductive proto-
cols applied in animals and humans.

5. Conclusion

This research allowed us to obtain for the first time
a molecular sketch about how rabbit embryos respond to
thematernal administration of eCG for ovarian stimulation.
The current work showed that the first application of eCG
increased ovulation rate, improved oocyte cytoplasmic
maturation, and preimplantation embryo development. It
seemed not to modify studied embryo-gene expression
patterns related to glucose intake, proliferation, and
differentiation, apoptotic-induced pathways, implantation,
and fetal growth. However, lower antioxidant defense of
blastocysts produced after the eCG treatment was sug-
gested, but further studies are needed to shed light on the
mechanisms influencing the successful reproductive
outcome when this kind of treatment is applied in animal
reproductive technologies.

Acknowledgments

The CICYT projects (AGL2011-23822 and AGL2009-
11358), the Community of Madrid (S2009/AGR1704) and
the UCM research program (920249) supported this
research.

References

[1] Siddiqui MA, Shamsuddin M, Bhuiyan MM, Akbar MA,
Kamaruddin KM. Effect of feeding and body condition score on
multiple ovulation and embryo production in zebu cows. Reprod
Domest Anim 2002;37:37–41.
[2] Castellini C. Recent advances in rabbit artificial insemination. In:
Lebas F, editor. Proceedings of the 6th World Rabbit Congress. Vol. 2.
Brescia, Italy: Fondazione Iniziative Zooprofilattiche e Zootecniche;
1996. p. 13–26.

[3] Theau-Clément M. Advances in biostimulation methods applied to
rabbit reproduction. In: Blasco A, editor. Proceedings of the 7th
World Rabbit Congress. Vol. A. Valencia, Spain: Polytechnic
University of Valencia Publications; 2000. p. 61–79.

[4] Rebollar PG, Bonanno A, Di Grigoli A, Tornambe` G, Lorenzo PL.
Endocrine and ovarian response after a 2-day controlled suckling
and eCG treatment in lactating rabbit does. Anim Reprod Sci 2008;
104:316–28.

[5] Rebollar PG, Milanés A, Pereda N, Millán P, Cano P, Esquifino AI,,
et al. Oestrus synchronisation of rabbit does at early post-partum by
doe-litter separation or ECG injection: Reproductive parameters and
endocrine profiles. Anim Reprod Sci 2006;93:218–30.

[6] Ertzeid G, Storeng R. Adverse effects of gonadotrophin treatment on
pre- and postimplantation development in mice. J Reprod Fertil
1992;96:649–55.

[7] Suchanek E, Huderer K, Dobec D, Hlavati V, Simunic V, Grizelj V.
Number of follicles, oocytes and embryos in human in vitro fertil-
ization is relative to serum estradiol and progesterone patterns
during different types of ovarian hyperstimulation. Eur J Obstet
Gynecol Reprod Biol 1994;56:121–7.

[8] Yu XF, Cho SJ, Bang JI, Lee HS, Lee YS, Kwon TH, et al. Effect of equine
chorionic gonadotropin on the efficiency of superovulation induc-
tion for in vivo and in vitro embryo production in the cat. Ther-
iogenology 2010;73:413–20.

[9] Theau-Clément M, Lebas F, Falières J. Influence of different eCG
doses on the rabbit doe ovary response, fertilising aptitude and
embryo development. World Rabbit Sci 2008;16:73–9.

[10] Stradaioli G, Verini-Supplizi A, Monaci M, Canali C, Boiti C. Effects of
different doses of PMSG on ovarian response and in vitro embryo
development in rabbits. World Rabbit Sci 1997;5:143–8.

[11] López-Béjar MA, López-Gatius F, Camón J, Rutllant J, Valls X,
Labèrnia J, et al. Morphological features and effects on reproductive
parameters of ovarian cysts of follicular origin in superovulated
rabbit does. Reprod Domest Anim 1998;33:369–78.

[12] Dieleman SJ, Hendriksen PJ, Viuff D, Thomsen PD, Hyttel P,
Knijn HM, et al. Effects of in vivo prematuration and in vivo final
maturation on developmental capacity and quality of pre-
implantation embryos. Theriogenology 2002;57:5–20.

[13] Sinclair KD, Singh R. Modelling the developmental origins of health
and disease in the early embryo. Theriogenology 2007;67:43–53.

[14] Navarrete Santos A, Tonack S, Kirstein M, Pantaleon M, Kaye P,
Fischer B. Insulin acts via mitogen-activated protein kinase
phosphorylation in rabbit blastocysts. Reproduction 2004;128:
517–26.

[15] Navarrete Santos A, Ramin N, Tonack S, Fischer B. Cell lineage-
specific signaling of insulin and insulin-like growth factor I in
rabbit blastocysts. Endocrinology 2008;149:515–24.

[16] Pantaleon M, Kaye PL. IGF-I and insulin regulate glucose transport in
mouse blastocysts via IGF-I receptor. Mol Reprod Dev 1996;44:71–6.

[17] Leppens-Luisier G, Urner F, Sakkas D. Facilitated glucose trans-
porters play a crucial role throughout mouse preimplantation
embryo development. Hum Reprod 2001;16:1229–36.

[18] Lamothe B, Baudry A, Christoffersen CT, De Meyts P, Jami J,
Bucchini D, et al. Insulin receptor-deficient cells as a new tool for
dissecting complex interplay in insulin and insulin-like growth
factors. FEBS Lett 1998;426:381–5.

[19] Wang ZQ, Fung MR, Barlow DP, Wagner EF. Regulation of embryonic
growth and lysosomal targeting by the imprinted Igf2/Mpr gene.
Nature 1994;372:464–7.

[20] Tesfaye D, Kadanga A, Rings F, Bauch K, Jennen D, Nganvongpanit K,
et al. The effect of nitric oxide inhibition and temporal expression
patterns of the mRNA and protein products of nitric oxide synthase
genes during in vitro development of bovine pre-implantation
embryos. Reprod Domest Anim 2006;41:501–9.

[21] El-Sayed A, Hoelker M, Rings F, Salilew D, Jennen D. Large-scale
transcriptional analysis of bovine embryo biopsies in relation to
pregnancy success after transfer to recipients. Physiol Genomics
2006;28:84–96.

[22] Van Hoeck V, Sturmey RG, Bermejo-Alvarez P, Rizos D, Gutierrez-
Adan A, Leese HJ, et al. Elevated non-esterified fatty acid concen-
trations during bovine oocyte maturation compromise early embryo
physiology. PLoS One 2011;6:e23183.

[23] Favetta LA, Robert C, St John EJ, Betts DH, King WA. P66shc, but not
p53, is involved in early arrest of in vitro produced bovine embryos.
Mol Hum Reprod 2004;10:383–92.



M. Arias-Alvarez et al. / Theriogenology 79 (2013) 323–330330
[24] Keim AL, Chi MM, Moley KH. Hyperglycemia-induced apoptotic cell
death in the mouse blastocyst is dependent on expression of p53.
Mol Reprod Dev 2001;60:214–24.

[25] Edwards LJ, Kind KL, Armstrong DT, Thompson JG. Effects of
recombinant human follicle-stimulating hormone on embryo
development in mice. Am J Physiol Endocrinol Metab 2005;288:
E845–51.

[26] Llobat L, Marco-Jiménez F, Peñaranda D, Thieme R, Navarrete A,
Vicente J. mRNA expression in rabbit blastocyst and endometrial
tissue of candidate gene involved in gestational losses. Reprod
Domest Anim 2012;47:281–7.

[27] Boletín Oficial del Estado. Real Decreto 1201/2005. Sobre protección
de los animales utilizados para experimentación y otros fines
científicos. BOE 2005;252:34367–91.

[28] Directiva 2010/63/UE del Parlamento Europeo y del Consejo de 22
de septiembre de 2010. Relativa a la protección de animales uti-
lizados para fines científicos. 2010;276:33–79.

[29] Arias-Alvarez M, García-García RM, Torres-Rovira L, González-
Bulnes A, Rebollar PG, Lorenzo PL. Influence of hormonal and
nonhormonal estrus synchronization methods on follicular and
oocyte quality in primiparous lactating does at early postpartum
period. Theriogenology 2010;73:26–35.

[30] Lorenzo PL, Illera JC, Silvan G, Munro CJ, Illera MJ, Illera M. Steroid-
level response to insulin-like growth factor-1 in oocytes matured
in vitro. J Reprod Immunol 1997;35:11–29.

[31] Garcia-Garcia RM, Arias-Alvarez M, Rebollar PG, Revuelta L,
Lorenzo PL. Influence of different reproductive rhythms on serum
estradiol, testosterone levels, features of follicular population and
atresia rate, and oocyte maturation in controlled suckling rabbits.
Anim Reprod Sci 2009;114:423–33.

[32] Arias-Alvarez M, Garcia-Garcia RM, Rebollar PG, Nicodemus N,
Revuelta L, Millan P, et al. Effects of a lignin-rich fibre diet on
productive, reproductive and endocrine parameters in nulliparous
rabbit does. Livestock Sci 2009;121:227–33.

[33] Bermejo-Alvarez P, Rizos D, Rath D, Lonergan P, Gutierrez-Adan A.
Epigenetic differences between male and female bovine blastocysts
produced in vitro. Physiol Genomics 2008;32:264–72.

[34] Schmittgen TD, Livak KJ. Analysing real-time PCR data by the
comparative C(T) method. Nat Protoc 2008;3:1101–8.

[35] Kelley RL, Kind KL, Lane M, Robker RL, Thompson JG, Edwards LJ.
Recombinant human follicle-stimulating hormone alters maternal
ovarian hormone concentrations and the uterus and perturbs fetal
development in mice. Am J Physiol Endocrinol Metab 2006;291:
E761–70.

[36] Kawashima I, Okazaki T, Noma N, Nishibori M, Yamashita Y,
Shimada M. Sequential exposure of porcine cumulus cells to FSH
and/or LH is critical for appropriate expression of steroidogenic and
ovulation-related genes that impact oocyte maturation in vivo and
in vitro. Reproduction 2008;136:9–21.

[37] Shimada M, Hernandez-Gonzalez I, Gonzalez-Robayna I, Richards JS.
Paracrine and autocrine regulation of epidermal growth factor-like
factors in cumulus oocyte complexes and granulosa cells: key
roles for prostaglandin synthase 2 and progesterone receptor. Mol
Endocrinol 2006;20:1352–65.

[38] Hsieh M, Lee D, Panigone S, Horner K, Chen R, Theologis A, et al.
Luteinizing hormone-dependent activation of the epidermal growth
factor network is essential for ovulation. Mol Cell Biol 2007;27:
1914–24.

[39] Rizos D, Ward F, Duffy P, Boland MP, Lonergan P. Conse-
quences of bovine oocyte maturation, fertilization or early
embryo development in vitro versus in vivo: implications for
blastocyst yield and blastocyst quality. Mol Reprod Dev 2002;
61:234–48.

[40] O’Callaghan D, Yaakub H, Hyttel P, Spicer LJ, Boland MP. Effect of
nutrition and superovulation on oocyte morphology, follicular fluid
composition and systemic hormone concentrations in ewes. J
Reprod Fertil 2000;118:303–13.

[41] Greve T, Callesen H, Hyttel P, Hoier R, Assey R. The effect of exog-
enous gonadotropins on oocyte and embryo quality in cattle.
Theriogenology 1995;43:41–50.

[42] Assey RJ, Hyttel P, Roche JF, Boland M. Oocyte structure and follic-
ular steroid concentrations in superovulated versus unstimulated
heifers. Mol Reprod Dev 1994;39:8–16.
[43] Breuel KF, Baker RD, Butcher RL, Townsend EC, Inskeep EK,
Dailey RA, et al. Effects of breed, age of donor and dosage of follicle
stimulating hormone on the superovulatory response of beef cows.
Theriogenology 1991;36:241–55.

[44] Souza AH, Viechnieski S, Lima FA, Silva FF, Araujo R, Bo GA, et al.
Effects of equine chorionic gonadotropin and type of ovulatory
stimulus in a timed-AI protocol on reproductive responses in dairy
cows. Theriogenology 2009;72:10–21.

[45] Krusche CA, Herrler A, Classen-linke I, Hegele-hartung C, Rango UV,
Beier HM. Modulation of endometrial transformation in gonado-
trophin- stimulated and unstimulated pseudo-pregnant rabbits:
studies with the progesterone receptor antagonist, onapristone. Mol
Hum Reprod 2000;6:726–34.

[46] Arias-Álvarez M, García-García RM, Rebollar PG, Nicodemus N,
Millán P, Revuelta L, et al. Follicular, oocyte and embryo features
related to metabolic status in primiparous lactating does fed
with high-fibre rearing diets. Reprod Domest Anim 2010;45:
e91–100.

[47] Clemente M, de La Fuente J, Fair T, Al Naib A, Gutierrez-Adan A,
Roche JF, et al. Progesterone and conceptus elongation in cattle:
a direct effect on the embryo or an indirect effect via the endo-
metrium? Reproduction 2009;138:507–17.

[48] Kane MT, Buckley NJ. The effects of inhibitors of energy metabolism
on the growth of one-cell rabbit ova to blastocysts in vitro. Reprod
Fert 1997;49:261–6.

[49] Le Roith D, Werner H, Beitner-Johnson D, Roberts Jr CT. Molecular
and cellular aspects of the insulin-like growth factor I receptor.
Endocr Rev 1995;16:143–93.

[50] Wakuda K, Takakura K, Nakanishi K. Embryo-dependent induction
of embryo receptivity in the mouse endometrium. J Reprod Fertil
1999;115:315–24.

[51] Charpigny G, Reinaud P, Tamby JP, Creminon C, Guillomots M.
Cyclooxygenase-2 unlike cyclooxygenase-1 is highly expressed in
ovine embryos during the implantation period. Biol Reprod 1997;
57:1032–40.

[52] Wang H, Wen Y, Mooney S, Behr B, Polan ML. Phospholipase A2 and
cyclooxygenase gene expression in human preimplantation
embryos. J Clin Endocrinol Metab 2002;87:2629–34.

[53] Tilghman SM. The sins of the fathers and mothers: genomic
imprinting in mammalian development. Cell 1999;96:185–93.

[54] Boiti C, Castellini C, Canali C, Zampini D, Monaci M. Long term effect
of eCG on rabbit does reproductive performance. World Rabbit Sci
1995;3:51–6.

[55] Benadiva CA, Metzger DA. Superovulation with human menopausal
gonadotropins is associated with endometrial gland-stroma dys-
synchrony. Fertil Steril 1994;61:700–4.

[56] Lequarré AS, Feugang JM, Malhomme O, Donnay I, Massip A,
Dessy F, et al. Expression of Cu/Zn and Mn superoxide dismutases
during bovine embryo development: influence of in vitro culture.
Mol Reprod Dev 2001;58:45–53.

[57] Wang Y, Walsh SW. Increased superoxide generation is associated
with decreased superoxide dismutase activity and mRNA expres-
sion in placental trophoblast cells in pre-eclampsia. Placenta 2001;
22:206–12.

[58] Kimura N, Tsunoda S, Iuchi Y, Abe H, Totsukawa K, Fujii J. Intrinsic
oxidative stress causes either 2-cell arrest or cell death depending
on developmental stage of the embryos from SOD1-deficient mice.
Mol Hum Reprod 2010;16:441–51.

[59] Chao HT, Lee SY, Lee HM, Liao TL, Wei YH, Kao SH. Repeated
ovarian stimulations induce oxidative damage and mitochondrial
DNA mutations in mouse ovaries. Ann N Y Acad Sci 2005;1042:
148–56.

[60] Theau-Clment M, Lebas F, Beckers JF, Drion PV. Evolution of ant-
eCG antibodies in response to eCG doses and number of injec-
tions. Relationship with productivity of rabbit does. Animal 2008;
2:746–51.

[61] Theau-Clment M, Lebas F, Boiti C, Brecchia G, Mercier P. Influence of
different eCG doses on sexual receptivity and productivity of rabbit
does. World Rabbit Sci 2008;16:65–72.

[62] Kajihara T, Uchino S, Suzuki M, Itakura A, Brosens JJ, Ishihara O.
Human chorionic gonadotropin confers resistance to oxidative
stress-induced apoptosis in decidualizing human endometrial
stromal cells. Fertil Steril 2011;95:1302–7.


	Ovarian response and embryo gene expression patterns after nonsuperovulatory gonadotropin stimulation in primiparous rabbit ...
	1. Introduction
	2. Material and methods
	2.1. Animal housing and experimental design
	2.2. Blood sampling and serum steroid concentrations
	2.3. Oocyte collection and in vitro maturation
	2.4. Assessment of oocyte nuclear and cytoplasmic maturation
	2.5. Assessment of ovulation and embryo development
	2.6. RNA extraction, reverse transcription, and quantification of mRNA transcript abundance
	2.7. Statistical analysis

	3. Results
	3.1. Serum estradiol and progesterone concentrations
	3.2. Ovarian weight, follicular preovulatory population, and oocyte maturation
	3.3. Ovulation rate and in vivo embryo categorization
	3.4. Transcript abundance of quality-related genes in blastocysts

	4. Discussion
	5. Conclusion
	Acknowledgments
	References


