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Abstract

Background: Mucin-1(Muc1) is one of the first molecules in the endometrium that confronts implanting embryos.
There is insufficient knowledge about the impacts of diabetes and drugs developed for diabetes treatment on expression of this molecule at the time of implantation. Therefore, this study aimed to investigate the impacts of diabetes and
insulin, metformin and pioglitazone on Muc1 expression at the time of implantation.
Materials and Methods: This experimental study was conducted on a total of 63 female Wistar rats divided into 9
groups. To induce type 1diabetes, streptozotocin (STZ) and for induction of type 2 diabetes, nicotinamide (NA) and
STZ were injected intraperitoneally. For superovulation, human menopausal gonadotropin (HMG) and human chorionic gonadotropin (HCG) were used. Insulin, metformin and pioglitazone were administered for two weeks. Finally,
the endometrial expression of Muc1 was evaluated by quantitative real-time reverse transcription–polymerase chain
reaction (RT-PCR).
Results: Muc1 expression was non-significantly increased in type 1 and type 2 diabetic groups compared to the control group (P=0.61 and 0.13, respectively); also, it increased in insulin-treated type 1 diabetic group compared to the
control group (P=0.0001). Its expression was increased in insulin-treated type 1 diabetic group compared to untreated
diabetic group (P=0.001). The expression level of Muc1 was significantly reduced in superovulated and insulin-treated
type 1 diabetic group compared to the insulin-treated type 1 diabetic group (P=0.001).
Conclusion: One of the causes of fertility problems in diabetes, is changes in Muc1 expression during implantation.
On the other hand, the use of insulin in these patients can even lead to overexpression of this gene and worsen the
condition. However, these changes can be partially mitigated by assisted reproductive technology (ART) such as superovulation. Also, treatment with metformin and pioglitazone can restore Muc1 expression to near normal levels and
has beneficial effects on implantation.
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Introduction
Diabetes mellitus is a metabolic disorder which is basically characterized by a chronic hyperglycemic condition. Type 1 diabetes predominately affects individuals of
younger ages and type 2 diabetes as the most common
type of diabetes, was previously thought to affect the ages
of 40-60 years (1). The onset of type 2 diabetes occurs
at younger ages (fertility age) today and it is predicted
to occur at even younger ages in the future (2). Diabetes
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affects women in many ways and the association between
diabetes and infertility was shown (3). Numerous studies observed that the incidence of infertility is higher in
women with diabetes than in healthy women (4, 5).
Increased maternal blood glucose caused by diabetes
can have detrimental effects on the expression of genes
involved in the implantation process (6). However, the
exact mechanism contributing to early pregnancy failure
and recurrent spontaneous abortion in diabetes, remains
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largely unknown (7). Based on the emerging investigations, implantation failure is the main reason of about
75% of pregnancy losses (8). Embryo and uterus molecular crosstalk is the key factor for a successful pregnancy
in the implantation process (9).
Muc1 as an anti-adhesion and antibacterial protein, is
mainly expressed in the luminal and glandular endometrial
epithelium at different stages of the menstrual cycle (10).
Increment of Muc1 expression before implantation leads to
prevention of the embryo adhesion. Then, at the initiation
of receptivity period of endometrium, Muc1 is reduced and
endometrium comes into contact with blastocyst. Therefore, timely inhibition of Muc1 expression plays an important role in the uterine receptivity (11, 12). Actually Muc1
hides the expression of cell adhesion molecules that are
important for blastocyst attachment and plays an important
role in regulating endometrial acceptance for blastocyst implantation (12). Muc1 expression during implantation window in the endometrium of recurrent implantation failure
women, is significantly lower than normal women (13).
Muc1 is an important factor in determining uterine receptivity and its endometrial expression is required for selection
and implantation of the high-quality and active blastocysts.
Significant decreases in Muc1 can impair endometrial embryo selection and lead to subfertility (11). On the other
hand, increases in Muc1 in cell surface can inhibit cell-cell
adhesion (14).Therefore, dysregulation of the mechanisms
involved in the expression of Muc1 at the time of implantation, may prevent implantation and establishment of early
pregnancy.
Ovulation induction or superovulation in a controlled
manner, is the most common method of assisted reproductive technology (ART). Various studies observed that
infertile patients undergoing ART such as ovulation induction, experience molecular changes in their endothelium which can impair the expression of genes engaged
in the embryonic implantation (15). Medications used to
control diabetes include insulin for type 1 diabetes and
oral medications such as metformin and pioglitazone and
ultimately insulin for type 2 diabetes (16).
Studies demonstrated that Muc1 expression in the endometrium is very important at the time of implantation,
but there is insufficient knowledge about how this gene
is expressed under diabetic conditions and the impacts of
diabetes treatment and superovulation on the expression
of this gene, need further assessments. Therefore, this
study aimed to investigate the impacts insulin, metformin
and pioglitazone as well as superovulation on the expression profile of Muc1 during the implantation process, by
using experimental rat diabetes model (type 1 and type 2
diabetes).

Materials and Methods
This experimental study was done in female Wistar rats
(6-8 weeks old; 200-250 g; obtained from Pasteur Institute,
Iran). Animals were exposed to standard conditions, 12
hours light/dark cycle and 20-2°C, and they had free ac-

cess to standard water and food. They were housed in the
central animal laboratory of Isfahan University of Medical Sciences, Isfahan, Iran. All experimental processes
were approved by the Institutional Animal Ethics Committee of Isfahan University of Medical Sciences (IR.MUI.
REC.1396.3.366).
Diabetes induction
To induce type 1 diabetes, streptozotocin (STZ, SigmaAldrich, Germany) was administered intraperitoneally at a
dose of 60 mg/kg. For induction of type 2 diabetes, nicotinamide (NA, Sigma-Aldrich, Germany) was injected intraperitoneally at a dose of 200 mg/kg and after 15 minutes,
STZ 60 mg/kg was given (17). To confirm diabetes induction, fasting blood sugar (FBS) was determined 3 days
after the injection(s) by a glucometer (HemoCue Glucose
201+, Sweden) in samples collected from the dorsal vein of
rats. In this study, in case of an FBS> 250 mg/dl, diabetes
induction was confirmed (18).
Ovulation induction
Human menopausal gonadotropin (HMG; N. V. Organon, The Netherlands) and human chorionic gonadotropin (HCG, N. V. Organon, The Netherlands) was used for
ovulation induction. Three days before mating, first, HMG
was injected intraperitoneally at 7.5 I.U. and 48 hours later,
HCG was injected at 7.5 I.U. in the same manner (19).
Study design and sample collection
Diabetic and normal rats were randomly divided into
9 groups: control (healthy animals that received no treatments), type 1 diabetic rats induced by STZ that received
no treatments, insulin-treated type 1 diabetic rats, superovulated rats induced by HMG/HCG, superovulated type
1 diabetic rats, superovulated and insulin-treated type 1
diabetic rats, type 2 diabetic rats induced by NA-STZ that
received no treatments, 20 mg/kg/day pioglitazone (Sobhan, Iran)-treated diabetic rats (20), and 100 mg/kg/day
metformin (Sobhan, Iran) -treated diabetic rats (21). There
were 7 rats in each group and animals were kept in diabetic
conditions for 4 weeks (for more than one sex cycle), and
administered with drugs for 4 weeks. During all diabetic
conditions and treatments, FBS levels were monitored
by a glucometer (HemoCue Glucose 201+, Sweden) and
glucose reagent strips (ACCU-CHEK Active, Germany),
every 4 days.
Four days earlier than the end of the treatment period,
two female rats of each group were mated with a male rat
and vaginal plug was checked in the following morning.
The day when the vaginal plugs were observed or vaginal
smears showed spermatozoa, was considered the first day
of pregnancy. Rats were fasted overnight during the 3rd
night and anesthetized through intraperitoneal injection
of ketamine hydrochloride (50 mg/kg; ROTEXMEDICA,
Germany) and xylazine hydrochloride (7 mg/kg; Daroupakhsh, Iran) on the following day; then, they were sacrificed
under sterile conditions on the 4th day of gravidity (the day
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of implantation). Uterine horns were surgically separated
and snap-frozen in liquid nitrogen and stored at -80°C for
further investigations.

Results

Total ribonucleic acid isolation and complementary
DNA synthesis

Relative expression of Muc1 was increased in type 1
diabetic and insulin-treated type 1 diabetic groups compared with the control group; however, statistically significant differences were only found for insulin-treated type
1 diabetic group (P=0.0001, 0.61; respectively). The other
groups (superovulated, superovulated type 1 diabetic and
superovulated and insulin-treated type 1 diabetic groups)
did not show a significant difference when compared with
the control group (P=0.51, 0.78, 0.95, respectively).

Total ribonucleic acid (RNA) was extracted from endometrial tissue by RNX-plus (Sinaclon, AryoGen Biopharma Complex, Iran) according to the manufacturer's protocol. Purity was defined by 1% agarose gel electrophoresis.
The total RNA concentration was measured using a Nanodrop device (Nanolytic, Germany) at a density of 260 nm.
DNase Ι treatment was accomplished in order to remove
genomic DNA in the RNA samples by DNase Ι set (Fermentas, Lithuania). Complementary DNA (cDNA) synthesis was conducted using 1 µg of total RNA, by means of
PrimeScriptTM RT reagent Kit (TaKaRa, Kusatsu, Japan)
as reported in the protocol (22).
Quantitative real-time reverse transcription polymerase
chain reaction

Muc1 gene expression in type 1 diabetic and superovulated groups compared to the control group

Muc1 expression in insulin-treated type 1 diabetic
group increased compared to the untreated diabetic group
(P=0.001). In superovulated and insulin-treated type 1
diabetic groups, relative expression of Muc1 gene was
significantly reduced compared to the insulin-treated type
1 diabetic group (P=0.001, Fig.1).

The relative expression level of Muc1 gene was measured
by real-time reverse transcription polymerase chain reaction (RT-PCR) in comparison with β-actin as a reference
gene. The primers were planned using GeneRunner software (Version 4.0; Hastings Software Inc., Hastings, US)
and the specificity of each primer was tested by BLAST
(http://blast. ncbi.nlm.nih.gov/Blast.cgi). The list of primers is presented in Table 1 (23).
RT-PCR was performed by Applied BiosystemsStepOnePlus™ instrument using RealQ Plus ×2 Master Mix, green
(high ROX) (AMPLIQON, Denmark) (24). Standard cycling protocol was utilized to perform RT-PCR, as follows:
denaturation at 95°C for 10 minutes, denaturation at 95°C
for 15 seconds, annealing at the specific temperature for each
gene (Table 1) for 60 seconds, and finally, an extension was
done for 15 seconds at 72°C for 40 cycles. Gene expression
determination was carry out using the 2-ΔΔCT method (25).
Statistical analysis
All statistical analyses were done by using SPSS software, version 20.0 (SPSS Inc., US). To analyze the normality of the data, Kolmogorov-Smirnov test was applied.
RT- PCR was repeated three times and the final results are
shown as means ± standard error of the mean. One-way
Analysis of Variance (ANOVA) with post hoc LSD multiple comparisons were accomplished to recognize statistical
significance. Statistical significance was set at P<0.05.

Fig 1: Relative expression of Muc1 in the endometrium of type 1 diabetic
rats at the time of implantation. The relative expression of Muc1 was normalized against β-actin using 2-ΔΔCT method. All values are presented as
mean ± SEM. A P<0.05 was considered statistically significant. SPSS software was used to analyze the data. Lowercase letters indicate a statistical
significance as follows: a: Compared to control, b: Untreated diabetic, c;
Insulin-treated diabetic groups. Sup; Superovulation, and Ins; Insulin.

Muc1 gene expression in type 2 diabetic groups compared to the control group
Type 2 diabetic group showed increment (though not
significantly) of the expression of Muc1 compared to the
control group (P=0.13). Relative expression level of Muc1
was not significantly different between metformin-treated
and pioglitazone-treated type 2 diabetic groups, and the
control group (P=0.94, 0.75; respectively).

Table 1: PCR primer sequences

Primers

Sequence

Tm (ºC)

Annealing temperature (ºC)

Amplicon size (bp)

βactin

F: 5´-GCCTTCCTTCCTGGGTATG-3´
R: 5´-AGGAGCCAGGGCAGTAATC-3´

63.4 63

60

178

Muc1

F: 5´- ATCAAGTTCAGGTCAGGCTC -3´
R: 5´- AGAGGAAGGGAACTGCATC-3´

60.1 59.9

57

171
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Muc1 expression was non-significantly reduced in type 2
diabetic groups treated with metformin and pioglitazone
compared to untreated type 2 diabetic group (P=0.11,
0.07; respectively, Fig.2).

Fig 2: Relative expression of Muc1 in the endometrium of type 2 diabetic
rats at the time of implantation. The relative expression of Muc1 was normalized against β-actin using 2-ΔΔCT method. All values are presented as
mean ± SEM. A P< 0.05 was considered statistically significant. SPSS software was used to analyze the data. Dia; Diabetic, Met; Metformin, and
Pio; Pioglitazone.

Discussion
According to the results of the present study, induction
of type 1 and type 2 diabetes increased the expression of
Muc1 in rats’ endometrium at the time of implantation.
Both metformin and pioglitazone had positive effects on
restoration of Muc1 expression to normal levels but insulin
caused overexpression of Muc1. However, ovulation
induction partially moderated the effect of insulin and
Muc1 expression level became closer to normal.
The results of the current study showed that induction
of type 1 and type 2 diabetes increased Muc1 gene
expression in rats’ endometrium. In vitro studies
indicated that Muc1 is reduced in humans and mice
specifically in the area where the blastocyst implants
in the uterus. It is hypothesized that low level of Muc1
in the blastocyst implantation area during implantation
window, is an important factor for successful embryoendometrial interaction. High expression of Muc1 may
damage cell-cell and cell-matrix adhesion, probably
leading to implantation failure (26). Aktug et al. (14)
study showed that induction of diabetes affects cleaved
junctions, cell adhesion molecules and related proteins.
They fertilized the oocytes isolated from the healthy
and diabetic rats and found that Muc1 expression was
increased in a group of blastocysts in which, oocytes
were separated from diabetic rats. Albaghdadi et al.
(27). also observed the overexpression of Muc1 in the
uterus of diabetic mice at the time of implantation. In
fact, the present study also confirmed these observations
and showed that diabetes can increase Muc1 expression
during implantation which can lead to implantation
failure.
The present study showed that treatment with insulin in

type 1 diabetic rats, increased Muc1 expression to a higher
level compared to untreated diabetic rats, which may result
in prevention of blastocyst contact with uterine epithelium
and prevention of implantation. In Seregni et al. (28) study,
insulin was found to increase the level of Muc1 expression
in the blood of patients with breast cancer. The present
study, consistent with these results, indicated that Muc1
overexpression caused by treatment with insulin during
implantation can lead to implantation failure.
In the present study, treatment with either metformin
or pioglitazone was effective in reducing Muc1
expression levels in diabetic rats treated with metformin
or pioglitazone compared with untreated diabetic
rats. No studies were found on the effect of metformin
or pioglitazone on Muc1 expression at the time of
implantation, under diabetic conditions. However, there
is some evidence that metformin reduces MUC1 protein
in women with breast cancer (29).
Furthermore, the results of the present study showed
that ovulation induction in all induced groups including
healthy, diabetic and insulin-treated diabetic rats, reduced
Muc1 expression, although it was not significantly
different from the control group. However, comparing
insulin-treated diabetic rats with superovulated insulintreated diabetic rats may be important since ovulation
induction may possibly modulate insulin-induced
increment of Muc1 expression. Inyawilert et al. found that
ovulation induction attenuated Muc1 mRNA expression
in the rat uterus on day 3.5 of the estrous cycle (30).
Contrary to the present study, Wang et al. found that Muc1
expression was artificially increased in ovine following
ovarian stimulation, that may be due to difference in
method of superovulation and the type of drug used to
induce ovulation (31). Nonetheless, further studies are
required to determine the effects of ovulation induction
on Muc1 expression and implantation.
According to the results of the current study, it can
be concluded that type 1 and type 2 diabetes alter the
expression of Muc1 gene in the rat uterus at the time
of implantation. Because of the importance of proper
expression of Muc1, its aberrant expression may affect
uterine receptivity and lead to implantation failure and
subsequent infertility.
Both anti-diabetic drugs metformin and pioglitazone,
had positive effects on restoration of Muc1 expression
to its normal levels. Inevitable treatment with insulin in
type 1 diabetes caused overexpression of Muc1; however,
ovulation induction partially moderated such effects and
restored Muc1 levels closer to normal values. However,
ovulation induction alone may have adverse effects on the
expression of this molecule.
There were limitations in this study, and the examined
effects should be assessed in a larger number of rats in
future works; also, follow-up of animal pregnancy to
investigate the effects of medications on pregnancy
outcomes was not possible in the current study.
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Conclusion
The use of insulin by diabetic patients, can even lead
to overexpression of Muc1 and worsen the condition.
However, these changes can be partially mitigated by ART
such as superovulation. Also, treatment with metformin
and pioglitazone can restore Muc1 expression closer to
normal levels and have beneficial effects on implantation.
Therefore, it can be said that diabetes can alter Muc1 gene
expression which can disrupt the implantation process
and consequently induce infertility. However, treatment
with metformin and pioglitazone as well as ovulation
induction, can be helpful.

13.

14.

15.

16.

Acknowledgements
This article has been financially supported in part by a
research grant of thesis of RZ from the Isfahan University
of Medical Sciences, Isfahan, Iran [Grant No. 396366].
There is no conflict of interests.

17.
18.
19.

Authors’ Contributions
R.Z., P.N., B.R., N.E, R.A. ; Participated in study design,
data collection and evaluation, drafting and statistical
analysis. R.Z., P.N.; Conducted molecular experiments
and RT-qPCR analysis. All authors read and approved the
final manuscript.

References

20.

21.

22.

1.

Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of
type 2 diabetes mellitus and its complications. Nat Rev Endocrinol.
2018; 14(2): 88-98.
2. Lascar N, Brown J, Pattison H, Barnett AH, Bailey CJ, Bellary S.
Type 2 diabetes in adolescents and young adults. Lancet Diabetes
Endocrinol. 2018; 6(1): 69-80.
3. Harjutsalo V, Maric-Bilkan C, Forsblom C, Groop P-H, Group
FS. Age at menarche and the risk of diabetic microvascular
complications in patients with type 1 diabetes. Diabetologia. 2016;
59(3): 472-480.
4. Gales C, Zamfir C, Radulescu D, Stoica B, Nechifor M. Protective
effect of magnesium and metformin on endometrium and ovary in
experimental diabetes mellitus. Magnes Res. 2014; 27(2): 69-76.
5. Sjöberg L, Pitkäniemi J, Haapala L, Kaaja R, Tuomilehto J. Fertility
in people with childhood-onset type 1 diabetes. Diabetologia. 2013;
56(1): 78-81.
6. Jungheim ES, Moley KH, editors. The impact of type 1 and type 2
diabetes mellitus on the oocyte and the preimplantation embryo.
Semin Reprod Med. 2008; 26(2): 186-195.
7. Uhde K, van Tol HTA, Stout TAE, Roelen BAJ. Exposure to
elevated glucose concentrations alters the metabolomic profile of
bovine blastocysts. PloS One. 2018; 13(6): e0199310.
8. Ruan YC, Chen H, Chan HC. Ion channels in the endometrium:
regulation of endometrial receptivity and embryo implantation.
Hum Reprod Update. 2014; 20(4): 517-529.
9. Chadchan SB, Kumar V, Maurya VK, Soni UK, Jha RK. Endoglin
(CD105) coordinates the process of endometrial receptivity for
embryo implantation. Mol Cell Endocrinol. 2016; 425: 69-83.
10. Kasimanickam R, Kasimanickam V, Kastelic JP. Mucin 1 and
cytokines mRNA in endometrium of dairy cows with postpartum
uterine disease or repeat breeding. Theriogenology. 2014; 81(7):
952-958.
11. Raheem KA, Marei WFA, Campbell BK, Fouladi-Nashta AA. In vivo
and in vitro studies of MUC1 regulation in sheep endometrium.
Theriogenology. 2016; 85(9): 1635-1643.
12. Bastu E, Mutlu MF, Yasa C, Dural O, Aytan AN, Celik C, et al. Role

Int J Fertil Steril, Vol 14, No 3, October-December 2020

222

23.

24.

25.
26.
27.
28.
29.

30.
31.

of Mucin 1 and Glycodelin A in recurrent implantation failure. Fertil
Steril. 2015; 103(4): 1059-1064. e2.
Wu F, Chen X, Liu Y, Liang B, Xu H, Li TC, et al. Decreased MUC1
in endometrium is an independent receptivity marker in recurrent
implantation failure during implantation window. Reprod Biol
Endocrinol. 2018; 16(1): 60.
Aktuğ H, Bozok Çetintaş V, Uysal A, Oltulu F, Yavaşoğlu A, Akarca
SÖ, et al. Evaluation of the effects of STZ-induced diabetes on in
vitro fertilization and early embryogenesis processes. J Diabetes
Res. 2013; 2013: 603813.
Nahuis MJ, Lohuis EJO, Bayram N, Hompes PGA, Oosterhuis
GJE, Van van Der der Veen F, et al. Pregnancy complications
and metabolic disease in women with clomiphene citrate-resistant
anovulation randomized to receive laparoscopic electrocautery of
the ovaries or ovulation induction with gonadotropins: a 10-year
follow-up. Fertil Steril. 2014; 101(1): 270-274.
Skyler JS, Cefalu WT, Kourides IA, Landschulz WH, Balagtas
CC, Cheng S-L, et al. Efficacy of inhaled human insulin in type
1 diabetes mellitus: a randomised proof-of-concept study. The
Lancet. 2001; 357(9253): 331-335.
Ghasemi A, Khalifi S, Jedi S. Streptozotocin-nicotinamide-induced
rat model of type 2 diabetes. Acta Physiol Hung. 2014; 101(4): 408420.
Zabihi S, Wentzel P, Eriksson UJ. Altered uterine perfusion is
involved in fetal outcome of diabetic rats. Placenta. 2008; 29(5):
413-241.
Rashidi B, Rad JS, Roshangar L, Miran RA. Progesterone and
ovarian stimulation control endometrial pinopode expression
before implantation in mice. Pathophysiology. 2012; 19(2): 131135.
Eraky SM, Abdel-Rahman N, Eissa LA. Modulating effects of
omega-3 fatty acids and pioglitazone combination on insulin
resistance through toll-like receptor 4 in type 2 diabetes mellitus.
Prostaglandins Leukot Essent Fatty Acids. 2018; 136: 123-129.
de Lima Benzi JR, Yamamoto PA, Stevens JH, Baviera AM, de
Moraes NV. The role of organic cation transporter 2 inhibitor
cimetidine, experimental diabetes mellitus and metformin on
gabapentin pharmacokinetics in rats. Life Sci. 2018; 200: 63-68.
Hashem FM, Nikpour P, Emadi-Baygi M. Evaluation and
optimization of various procedures of rna RNA extraction from
human frozen tissues. Journal of Isfahan Medical School. 2011;
29(133): 327-335.
Zarei R, Nikpour P, Rashidi B, Eskandari N, Aboutorabi R.
Evaluation of diabetes effects on the expression of leukemia
inhibitory factor and vascular endothelial growth factor a genes and
proteins at the time of endometrial receptivity after superovulation
in rat model. Adv Biomed Res. 2019; 8(1): 66-84.
Nourbakhsh N, Emadi-Baygi M, Salehi R, Nikpour P. Gene
expression analysis of two epithelial-mesenchymal transitionrelated genes: long noncoding RNA-ATB and SETD8 in gastric
cancer tissues. Adv Biomed Res. 2018; 7: 42.
Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta C(T))
2-ΔΔCT method. Methods. 2001; 25(4): 402-408.
Singh H, Nardo L, Kimber SJ, Aplin JD. Early stages of implantation as
revealed by an in vitro model. Reproduction. 2010; 139(5): 905-914.
Albaghdadi AJH, Kan FW. Endometrial receptivity defects and
impaired implantation in diabetic NOD mice. Biol Reprod. 2012;
87(2): 30.
Seregni E, Botti C, Bajetta E, Ferrari L, Martinetti A, Nerini-Molteni
S, et al. Hormonal regulation of MUC1 expression. Int J Biol
Markers. 1999; 14(1): 29-35.
Dowling RJ, Parulekar WR, Gelmon KA, Shepherd LE, Virk S,
Ennis M, et al. CA15-3/MUC1 in CCTG MA-32 (NCT01101438):
A phase III RCT of the effect of metformin vs. placebo on invasive
disease free and overall survival in early stage breast cancer (BC).
J Clin Oncol. 2018; 36 Suppl 15: 557-557.
Inyawilert W, Liao Y-J, Tang P-C. Superovulation at a specific stage
of the estrous cycle determines the reproductive performance in
mice. Reprod Biol. 2016; 16(4): 279-286.
Wang X, Zhu B, Xiong S, Sheng X, Qi X, Huang Q, et al. Expression
and function of MUC1 in uterine tissues during early pregnancy
in sheep after natural oestrous or artificially-induced oestrous.
Theriogenology. 2018; 108: 339-347.

