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 Although equine chorionic gonadotropin (eCG) combined with gonadotropin-releasing hormone 
(GnRH) is known to improve reproductive rates by increasing the numbers of ovulating oocytes, the 
actions of these hormones on embryo implantation have not been elucidated. We herein eliminated 
the effects of embryos by performing embryo transfer and elucidated the effects on embryo 
implantation after hormonal treatment. The recipient mice were allocated to four groups, including 
control, eCG, GnRH, and eCG + GnRH groups. Well-developed blastocysts were transferred into 
recipients, and implantation sites were counted five days after embryo transfer. Our results revealed 
that embryo implantation rates in the eCG and eCG + GnRH groups were significantly lower than 
GnRH and control groups; eCG and eCG + GnRH groups didn’t differ, and the implantation rate was 
the lowest in the eCG + GnRH group. When we evaluated estrogen and progesterone concentrations 
in four groups on embryonic day 0.5 to embryonic day 3.5, we noted that serum estrogen levels in 
eCG + GnRH group were significantly higher than the other groups, while progesterone levels were 
significantly lower than the control group, and that the progesterone/estrogen ratio was significantly 
reduced relative to the control group. Finally, the expression of the endometrial receptivity-related 
Lif gene was significantly diminished in the eCG + GnRH and eCG groups compared to the other 
groups. These results suggest that eCG combined with GnRH as a super-ovulatory regimen reduced 
mouse embryo implantation rates via an estrogen-mediated impairment of endometrial receptivity. 

© 2026 Urmia University. All rights reserved. 
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Introduction 
 

Superovulation refers to the application of exogenous 
gonadotropins to induce the development of multiple 
follicles and thus ensure the generation of super-numerary 
oocytes. Equine chorionic gonadotropin (eCG) exhibits 
both follicle-stimulating hormone and luteinizing hormone 
activities and stimulates follicular growth, ovulation, and 
corpus luteum formation. Thus, eCG is often used to induce 
superovulation for increased oocyte production.1-3 
Gonadotropin-releasing hormone (GnRH) exhibits 
primarily luteinizing hormone -stimulating activity and is 
adopted to stimulate ovulation and obtain numerous 
mature oocytes.4-8 

A super-ovulatory mouse model of eCG combined with 
GnRH was previously established and showed no 
difference between GnRH and human chorionic 
gonadotropin (hCG) with respect to the number of oocytes 
ovulated or corpora lutea.8,9 In addition, eCG combined 
  

 

 with GnRH improved reproductive capacity in ruminants 
and rodents. Treatment with eCG and GnRH promoted 
follicular development in pre-pubertal swamp buffalo 
calves with a 51.90% recovery rate of oocytes.10 
Furthermore, the ovulatory rate obtained by the treatment 
of ewes with follicle-stimulating hormone plus GnRH was 
significantly lower than that with eCG + GnRH, with the 
combination of eCG and GnRH being superior in 
synchronizing fertilization rate and ovulation.11 When 
Japanese voles were treated with eCG and GnRH 
analogues, the average number of ovulations reached a 
maximum of 14.50, and 94.30 - 100% of the collected 
oocytes were found to be in their second meiotic division.6 
Although treatment with eCG combined with GnRH 
achieved more oocytes in many mammals, some issues 
remain to be resolved. Previous investigators ascertained 
that eCG combined with GnRH disrupted the endometrial 
expression of critical angiogenic factors during mouse 
gestation, potentially affecting endometrial angiogenesis 
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and early placental development.8,9,12 However, the effects 
of a super-ovulatory regimen of eCG combined with GnRH 
on early embryo implantation are arcane. 

 In this study, we aimed to investigate any potential 
adverse effects of hormonal treatment on embryo 
implantation in mice. We conducted two main analyses: 
Firstly, we assessed the embryo implantation rate by 
transferring well-developed embryos to super-ovulated 
and control recipients and secondly, we examined the 
progesterone/estrogen ratio and estrogen-related genes 
expression in these groups. Our objective was to identify 
the underlying factors contributing to the decreased 
implantation rate following hormone treatment and guide 
hormone selection in assisted reproduction. 
 
Materials and Methods 
 

Animals. The SPF CD-1 mice (6 - 8 weeks old and 
approximately 30.00 g) were purchased from Beijing Vital 
River Laboratory Animal Technology Co., Ltd., Beijing, 
China, and housed in a stable environment (temperature: 
22.00 - 26.00 ˚C, humidity: 50.00 - 60.00%, and a 12-hr 
light/12-hr dark cycle [i.e., lights on from 6:00 AM to 6:00 
PM), with free access to food and water. All experimental 
protocols performed on the animals were approved by the 
Animal Care and Use Committee at Hebei Agricultural 
University, Baoding, China (2021 - 011). 

Hormone treatments and embryo transfer. The 
presence of a vaginal plug after mating was designated day 
0.50 of pregnancy (embryonic day [E] 0.5). All pseudo-
pregnant female recipient mice were mated with 
vasectomized males (6 - 8 weeks old and approximately 
33.00 g). Donor mice were paired 1:1 with breeding males 
(the experimental design is schematically depicted in 
Figure 1). Then, all pseudo-pregnant recipient female mice 
were allocated to four groups, including (1) a control 
group, i.e., mice that underwent natural estrus without any 
treatment before mating, (2) an eCG group that mice in 
diestrus were treated with 7.50 IU for eCG (Ningbo 
Sansheng Biological Technology Co., Ltd, Ningbo, China) 48 
hr before mating, (3) a GnRH group, i.e., that underwent 
natural estrus mice were treated with 3.50 μg of GnRH 
agonist (Abmole Bioscience Inc., Houston, USA) before 
mating, and (4) an eCG + GnRH group that mice in diestrus 
were treated with 3.50 μg of GnRH agonist 48 hr after 
administration of 7.50 IU of eCG before mating.9 
Blastocysts were obtained from the uteri of untreated 
donor mice at E3.5 using a single-use syringe with a 
polished needle. The blastocysts were cultured in the M2 
medium (Sigma-Aldrich, St. Louis, USA) until embryo 
transfer. According to the blastocyst grading system, the 
embryo quality is divided into three grades, including 
grade A: Fully expanded with a distinct inner cell mass and 
cohesive trophectoderm, grade B: Not fully expanded, with 
a clear inner cell mass but viscous trophectoderm, and 
 

 grade C: Compact mass excluding irregular trophectoderm 
or degenerated cells.13 Only grade A and grade B blasto-
cysts were classified as well-developed for transfer. Before 
the procedure, all female recipient mice were anesthetized 
with 0.20 mL per 10.00 g tribromoethanol (Sigma-
Aldrich), and an incision was made on the shaved skin and 
body wall near the ovary, allowing the reproductive tract 
to be pulled out. Subsequently, six to nine blastocysts were 
transferred into the uterine horns of pseudo-pregnant 
recipient mice using a mouth-controlled glass tube with an 
inner diameter of about 0.80 - 1.00 mm on E2.5. Each 
group consisted of 40 recipients. A warming plate 
prevented hypothermia during and after surgery until the 
recipient mice recovered from anesthesia. Afterward, 
animals were individually placed in a new cage and then, 
after five days of transplantation, the mice were initially 
lightly anesthetized with tribromoethanol, followed by 
euthanasia via cervical dislocation, and dissected to 
determine the number of embryo implantation sites.  

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Schematic view of mouse treatment protocols. Mouse 
blastocysts generated from naturally mated mice were 
transferred into four groups of recipient mice at the equivalent of 
embryonic day (E) 2.5. We then counted implantation sites five 
days after embryo transfer. We define the mating time as 0 hr. In 
group 1, the control group, natural estrus mice did not undergo 
any treatment and mated directly with male mice. In group 2, the 
equine chorionic gonadotropin (eCG) group, diestrus mice 
received 7.50 IU of eCG 48 hr before mating. In group 3, the 
gonadotropin-releasing hormone (GnRH) group, natural estrus 
mice received 3.50 µg of leuprorelin before mating. In group 4, 
the eCG + GnRH group, diestrus mice received 7.50 IU of eCG 48 
hr before receiving 3.50 µg of leuprorelin and then mated. 

 

Blood sampling and hormone evaluation. 
Approximately 0.10 mL of blood was collected from 
pregnant mice of four groups through the tail vein on E0.5, 
E1.5, E2.5, and E3.5 (with five mice per group per day, 
resulting in a total of 80 mice). Then, each blood sample 
was centrifuged at 1,600 g for 15 min at 4.00 ˚C to separate 
the serum, and samples were stored at – 20.00 ˚C until 
assay. Serum estrogen and progesterone concentrations 
were assessed using the appropriate enzyme-linked 
immunosorbent assay (ELISA) kits (Shanghai Jianglai 
Biological Technology Co., Ltd., Shanghai, China). The 
detection limit of the estrogen ELISA kits was 7.60 pg mL-1,  
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while that of the progesterone ELISA kit was 38.87 pg 
mL-1. The intra- and inter-assay variations were < 
10.00% for both kits. Furthermore, the absorbances were 
measured at 450 nm using a microplate reader.  

Quantitative real-time PCR analysis. The total RNA 
was extracted from mouse uterine tissue samples (30.00 
mg) using a RNeasy mini kit (Qiagen, Hilden, Germany) 
according to the manufacturer's protocol and a 
PrimeScript reverse-transcriptase reagent kit (Takara Bio, 
Beijing, China) was employed to transcribe RNA into 
cDNA. A Bio-Rad CFX Connect™ Real-Time PCR Detection 
System (Bio-Rad, Hercules, USA) was adopted to measure 
relative mRNA expression, and thermocycling parameters 
are as follows: An initial denaturation at 94.00 ˚C for 5 min, 
followed by 28 cycles of 30 sec at 94.00 ˚C, 30 sec at 60.00 
˚C, and 30 min at 72.00 ˚C. The primers we used were 
synthesized by Sangon (Shanghai, China; Table 1). 

 
 
 
 
 
 
 
 
 
 
Statistical analysis. We analyzed data using 

completely randomized one-way ANOVA with Tukey's 
multiple comparisons test for embryo implantation rate, 
estrogen and progesterone levels, and expression of some 
estrogen-related genes. Data were analyzed using 
GraphPad Prism (version 9.0; GraphPad Software Inc., San 
Diego, USA) and are expressed as mean ± SEM. The p < 
0.05 was significant, and p < 0.01 was extremely 
significant. Eta-squared (η²) was reported as an effect size 
(η² ≥ 0.01: small, η2 ≥ 0.06: medium, and η² ≥ 0.14: large).14 

 
Results  
 

Adverse effects of different hormone treatments 
on embryo implantation. Embryo transfers in the four 
groups of recipients showed that the embryo implantation 
rate fell significantly in the eCG and eCG + GnRH groups 
compared to the control and GnRH groups (p < 0.01; Table 2  
 

 and Fig. 2). The lowest rate was observed in the eCG + 
GnRH group, with the eCG group showing a significantly 
lower rate than the GnRH group (p < 0.01; η2 = 0.13;  
Table 2). Although there was no significant difference 
between the control and GnRH groups, it had an 
approximate 10.00% reduction in implantation rate 
compared to the control group (p > 0.05; η2 = 0.04; Table 
2). The implantation rate did not differ between the eCG 
and eCG + GnRH groups (p > 0.05; η2 = 0.05; Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. Implantation sites of the four groups counted five days 
after embryo transfer; eight embryos were transferred into each 
recipient uterus. A) Control group; B) Equine chorionic 
gonadotropin (eCG) group; C) Gonadotropin-releasing hormone 
(GnRH) group; D) eCG + GnRH group. Black arrows indicate 
implantation sites. (Scale bars = 1 cm). 

 

Effects of different treatments on estrogen and 
progesterone levels. The ELISA results depicted in Figure 
3 which illustrate estrogen and progesterone levels. From 
E0.5 to E3.5, the estrogen level in eCG + GnRH group was 
significantly elevated, approximately double that of the 
control group (p < 0.01), while the other groups did not 
show significant differences compared to the control group. 
Despite the eCG group displaying a higher estrogen level, it 
was not statistically different from the control group (p > 
 

Table 2. Embryo transfer results for four treatment groups.  

Groups Total number of transferred embryos Number of mice undergoing transfers Embryo implantation rate (%) 

Control 305 40 73.09 ± 3.63a 
eCG 299 40 39.14 ± 5.61b 
GnRH 305 40 63.02 ± 3.73a 

eCG + GnRH 309 40 23.78 ± 4.15b 
ab Different superscript letters in the same column designate a significant extremely difference (p < 0.01). Given the eta-squared 
being reported as an effect size, Equine chorionic gonadotropin (eCG) versus control = 0.23 (large), Gonadotropin-releasing 
hormone (GnRH) versus control = 0.04 (small), eCG + GnRH versus control = 0.49 (large), eCG versus GnRH = 0.13 (medium), eCG 
versus eCG + GnRH = 0.05 (small), and GnRH versus eCG + GnRH = 0.37 (large).  
 
 
 

Table 1. Primer sequences used for quantitative real-time PCR. 

Genes Primer sequences (5’-3') Accession Number 

Gapdh 
F: AGGTCGGTGTGAACGGATTTG 

R:TGTAGACCATGTAGTTGAGGTCA 
NM_001289726.2 

Lif 
F: ATTGTGCCCTTACTGCTGCTG 

R:GCCAGTTGATTCTTGATCTGGT 
NM_001039537.3 

Prap1 
F: AGAAGGTCTGGGATACTAGAGCC 

R:GCATCTGGACGCTTTTCCTC 
NM_009475.2 

Lcn2 
F: GGGAAATATGCACAGGTATCCTC 

R: CATGGCGAACTGGTTGTAGTC 
NM_008491.1 
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0.05; η2 = 0.07; Figs. 3A - 3D). In contrast to estrogen levels, 
both the control and GnRH groups exhibited high 
progesterone levels compared to the other groups from 
E0.5 to E3.5. Additionally, the progesterone level in the 
eCG + GnRH group was significantly lower than that the 
control group (p < 0.01; η2 = 0.58; Figs. 3E - 3H). The 
progesterone/estrogen ratio from E0.5 to E3.5 in the eCG 
+ GnRH group was significantly lower than the control 
group (p < 0.01; η2 = 0.72; Figs. 3I - 3L). However, there 
was no significant difference between the GnRH and 
control groups. Similarly, eCG + GnRH and eCG groups 
were not statistically different on E0.5 and E3.5 (p < 0.05; 
η2 = 0.33; Figs. 3I - 3L). 

Expression of estrogen-related genes. Because of 
the augmented estrogen levels in the eCG + GnRH group, 
we applied qRT-PCR to quantify the expression of some 
estrogen-related genes on E3.5. We noted that Lif 
expression levels significantly decreased in eCG and eCG + 
GnRH groups (p < 0.05; η2 = 0.28; Fig. 4A), but there was 
 

 no statistically significant difference between the GnRH 
and control groups (p > 0.05; η2 = 0.03; Fig. 4A). The Prap1 
and Lcn2 mRNA levels were significantly elevated in the 
eCG + GnRH group relative to the other three groups  
(p < 0.05; Figs. 4B and 4C). In addition, prap1 and Lcn2 
expression levels did not differ between eCG, GnRH, and 
control groups (p > 0.05; Figs. 4B and 4C). 
 
Discussion 
 

This study revealed that the eCG and eCG + GnRH 
treatments affect mouse embryo implantation. We 
discerned that the eCG and eCG + GnRH regimens 
significantly reduced the implantation rate of embryos in 
embryo transfer experiments, with the lowest rate in the 
eCG + GnRH group. Further research found that serum 
estrogen levels in the pregnant female E3.5 mice were 
significantly elevated after eCG + GnRH administration, but 
progesterone levels were statistically lower than the other 
 

Fig. 3. Estrogen and progesterone concentrations in the serum of the control, equine chorionic gonadotropin (eCG), gonadotropin-
releasing hormone (GnRH), and eCG + GnRH groups. A-D) Comparison of the estrogen levels between the four groups; E-H) 
Comparison of the progesterone levels between the four groups; I-L) The progesterone/estrogen ratio between four groups on 
E0.5, E1.5, E2.5, and E3.5. Serum was collected from the four groups of mice from E0.5 to E3.5 (n = 80).  
AB Different letters in the bar chart indicate extremely significant difference (p < 0.01). The letters above the horizontal lines 
indicate the effect sizes between groups: S for small, M for medium, and L for large. Groups without horizontal lines indicate large 
effect sizes. 
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groups. Moreover, the eCG and eCG + GnRH groups 
showed significantly decreased expression levels of Lif 
gene. These results demonstrated that hormonal 
treatment enhanced estrogen-expression levels and 
altered the expression of downstream target genes, thus 
affecting embryo implantation. 

Previous studies showed that eCG + GnRH treatment 
disrupted endometrial angiogenesis and placental 
development during mid-pregnancy, resulting in smaller 
embryos and placentas.8,12 In this study, we examined 
mouse embryo implantation sites during early 
pregnancy, and our data indicated that eCG + GnRH 
treatment also impaired embryo implantation. This 
result was consistent with previous studies that showed 
that implementing an eCG + GnRH regimen during sheep 
embryo transfer reduced the conception rate.15 Some 
studies indicated that implantation rates with eCG + hCG 
administration were lower than those in the control 
group after embryo transfer.16,17 The substitution of 
GnRH for hCG to trigger ovulation also affected the 
implantation rate in this study, suggesting that GnRH and 
hCG exerted the same effect on embryo implantation. 
This result implies that eCG + GnRH treatment will exert 
detrimental actions on embryo implantation. 

We further demonstrated that the embryo 
implantation rate in recipient mice treated with GnRH did 
not significantly compare with the control group, and 
another study also confirmed no difference in 
implantation rates between the GnRH and control 
groups.18 Meanwhile, there were almost no significant 
differences between the GnRH and control groups in terms 
of estrogen and progesterone levels and gene expression 
associated with high estrogen levels, of course, this might 
also be related to the sample size being too small (n = 5). 
Some investigators indicated that treatment with eCG + 
hCG impaired embryo implantation,16,17 and that hCG 
alone also reduced implantation rate. Although GnRH 
predominantly regulates luteinizing hormone secretion 
through central mechanisms, thereby governing corpus 
  

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

luteum formation and functional maintenance, and 
stimulates pituitary follicle-stimulating hormone secretion 
to promote follicular development and estrogen synthesis, 
GnRH treatment alone does not affect uterine receptivity. 
This is because it does not induce abnormalities in ovarian 
steroidogenesis or endometrial steroid signaling 
pathways.18 However, there is a paucity of studies 
regarding the use of eCG alone. Intriguingly, our results 
showed that eCG treatment reduced embryo implantation 
rate, and there are two potential explanations for this 
result. First, eCG induces large anovulatory follicles 
continuously secreting estrogen, and the elevated estrogen 
levels then produce a non-receptive uterus.19,20 Second, 
eCG may also reduce endometrial receptivity by reducing 
N-acetylgalactosamine during implantation.21,22 Although 
eCG treatment did not significantly elevate estrogen levels 
compared to the control group, it markedly reduced 
progesterone concentrations. This aberrant progesterone/ 
estrogen disrupted the establishment of pre-implantation 
receptivity. As previously discussed, eCG may additionally 
impair endometrial receptivity through down-regulation 
of N-acetylgalactosamine levels, meanwhile our results 
showed that eCG treatment alone also affects the level of 
Lif mRNA, which in turn affects endometrial receptivity. 
The eCG has often been used to increase oocyte production 
in superovulation, but potentially adverse effects on 
embryo implantation have been ignored. Given the 
adverse effects of hormonal treatments on embryo 
implantation, such agents should be applied with caution 
in embryo transfer recipients. 

Estrogen and progesterone are the principal regulatory 
factors involved in uterine functions and embryo 
implantation, and their cognate nuclear receptors 
cooperate through downstream target genes to regulate 
stromal cell proliferation and endometrial epithelial 
differentiation, ensuring endometrial receptivity during 
implantation.23-26 On the morning of E3.5, a small amount 
of estrogen was secreted that further synergized with 
progesterone to inhibit epithelial cell proliferation, 
 

Fig. 4. Expression levels of estrogen-related genes. A) Lif; B) Lcn2; and C) Prap1.  
ABC Different letters in the bar charts indicate extremely significant difference (p < 0.01). The letters above the horizontal lines 
indicate the effect sizes between groups: S for small, M for medium, and L for large. Groups without horizontal lines indicate large 
effect sizes. 
 
 
 
 



550 N. Yang et al. Veterinary Research Forum. 2026; 17 (8): 545 - 552 

 

promote differentiation and glandular secretion, and 
induce stromal cell proliferation.23,24 An abnormal 
progesterone/estrogen ratio is detrimental to early 
pregnancy and suggests that normal progesterone and 
estrogen concentrations are required to support 
implantation.27 In our study, the estrogen level in the eCG + 
GnRH group was twice that in the control group, while 
progesterone levels were significantly lower, and the ratio 
of progesterone/estrogen declined significantly. 
Excessively high estrogen levels can reduce pregnancy 
rates by changing the gene expression related to the 
implantation window of the endometrium, affecting the 
synchronization of embryonic and endometrial 
development.28-30 Meanwhile, hyper-estrogenism can 
disrupt the intra-epithelial tight junctions and water-
sodium channels within the endometrial cavity.31 This 
disruption can result in abnormal secretion and 
absorption of uterine fluid, ultimately causing 
implantation abnormalities. Therefore, these results 
suggest that eCG combined with GnRH adversely affects 
the successful implantation of embryo by altering 
estrogen levels. 

Supraphysiological estrogen levels can modulate the 
expression levels of genes related to the intimal 
implantation, advance the window of implantation, and 
alter the local immune environment of the 
endometrium.28,32,33 Therefore, we examined the 
expression levels of estrogen-related genes in a high-
estrogen milieu, and in our experiment, Lif is one of the 
endometrial receptivity marker genes and a target of 
estrogen. Under the action of estrogen secreted on the 
morning of E3.5, Lif was highly expressed in the glandular 
epithelial cells of the mouse uterus, and Lif-deficient mice 
showed the abnormal establishment of a receptive state 
and a failure in embryo implantation.34-38 Our results 
showed that Lif mRNA decreased significantly after 
treatment with eCG combined with GnRH and that the 
diminution in implantation rate after hormonal treatment 
was likely due to the effect on endometrial receptivity of 
elevated estrogen levels. This likely explains why the 
lower expression of endometrial Lif in eCG groups, 
especially in the eCG + GnRH group, is associated with a 
lower embryonic implantation rate. The Prap1 was 
strongly expressed in the uterine luminal epithelium of the 
mouse uterus on E0.5 and disappeared on E3.5, with its 
expression reappearing after embryo implantation.39 The 

Prap1 is known to be up-regulated by estrogen,39,40 and in 
our experiment, the level of Prap1 mRNA increased 
significantly on E3.5 after eCG + GnRH treatment. We 
postulate that this was because the estrogen level 
increased after eCG + GnRH treatment, up-regulating 
downstream gene levels. We thus hypothesize that the 
uteri in the eCG + GnRH group were abnormal during 
implantation. The Lcn2 is also regulated by steroid 
hormones and plays a crucial role in maintaining the 
 

 immune environment of the pre-implantation uterus by 
recruiting neutrophils.41 The Lcn2 is highly expressed in 
endometrial stromal cells, can be regulated by 
progesterone through the Akt-c-Myc pathway to promote 
embryo implantation,42 and initiates decidualization by 
regulating Prostaglandin E2. Our study indicated that the 
level of Lcn2 mRNA increased significantly on E3.5 after 
hormonal treatment.43 Therefore, we speculate that the 
hormone-treated uterus would show immunity and be 
protected against inflammatory stimuli, thus disrupting 
the intra-uterine immune environment and preventing 
embryonic development and implantation. However, 
considering the physiological differences in endometrial 
across species, it remains to be investigated whether 
humans and livestocks exhibit similarities to mice. 
Furthermore, this study solely examined the effects of 
various treatments on embryo implantation, while 
subsequent pregnancy outcomes remain to be elucidated. 
Concerning the potential impact of hormonal treatments 
on the uterine immune environment, additional validation 
experiments are warranted to explore the underlying 
mechanistic pathways.  

In summary, we herein assessed the effects of a super-
ovulatory regimen of eCG combined with GnRH on mouse 
embryo implantation, and our findings revealed that the 
treatment altered endometrial receptivity by increasing 
estrogen levels to affect embryo implantation potential 
negatively. Although our study showed adverse actions of 
eCG combined with GnRH on early embryo implantation, 
the specific molecular mechanisms underlying these 
effects require further study.  
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