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Chapter

The Role of Neuroendocrine in
Embryo Implantation

Fenting Liu and Rong Li

Abstract

Neuroendocrine integration, an integration of the nervous system and endo-
crine system as its name implies, plays a critical role in the reproductive system.
However, less progress has been made in the particular effects of neuroendocrine
on embryo implantation. Recently, some significant knowledges have been gained
on the regulation of neuroendocrine in embryo implantation. This chapter will
summarize the current state of knowledges about the impaction of neuroendocrine
on embryo implantation and discuss potential strategy to get higher pregnancy rate
and to reduce recurrent implantation failure (RIF) possibility through modulating
the neuroendocrine systems.

Keywords: neuroendocrine systems, embryo implantation, recurrent implantation
failure, IVF-ET

1. Introduction

The success of mammalian pregnancy is mostly due to the smoothly embryo
implantation into the maternal endometrium/decidua, which is a finely regulated
process and requires the adaptation of maternal function to the needs of develop-
ing fetus. Human embryo implantation is a complex series of events involving
blastocyst attachment, adhesion, and invasion into the endometrial tissue. Under
normal circumstances, in order to ensure the consistency of this series, the blasto-
cyst-stage embryo and the uterine endometrium must be collaborated during the
“window of implantation” [1]. It has been long established that neuroendocrine is
indispensable for mammalian reproduction [2], in which the neuroendocrine cell
can synthesize and release various hormones into gonadal organ after receiving
neuronal signal. Notably, the hypothalamus is the metronome of reproduction,
and its main function is to receive neural signals from the brain and transform
these neural signals into an endocrine output, the pulsatile release of GnRH, and
other related factors. The pituitary gland, as a link between the brain and other
neuroendocrine-related organs, is divided into two lobes. For the anterior lobe,
it is related to the regulation of the hypothalamic-pituitary-gonadal axis (HPG
axis), hypothalamic-pituitary-thyroid axis (HPT axis), and hypothalamic-pitu-
itary-adrenal axis (HPA axis). For the posterior lobe, it is mainly about the regula-
tion of the hypothalamic-neurohypophysis system [3]. Therefore, the description
of an importance of the neuroendocrine to implantation from the aspects above is
an enormous and necessary work.

Infertility affects millions of couples worldwide and its treatment has progressed
immensely. As one of the most prevalent approaches of treating infertility, in vitro
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fertilization and embryo transfer (IVF-ET) is always confronted with recurrent
implantation failure [4], which is in the means of the situation when the transferred
embryo repeatedly, failed to implant after IVF-ET [5]. A strong association between
pregnancy rate following IVF-ET and recurrent implantation failure has been
investigated [4], but less studies mention directly about the role of neuroendocrine
in recurrent implantation failure. A thorough understanding of the processes
governing human embryo implantation would be of significant benefit for the
treatment of infertility. Hence, this review provides a summary of current empiri-
cal researches on the impacts of neuroendocrine aspects in implantation so that we
more understand the maternal environment at the time of embryo implantation
and might optimize it by altering neuroendocrine regulation to increase the success
rate after IVF-ET.

2. Hypothalamic-pituitary-gonadal axis

An integrated hypothalamic-pituitary-gonadal axis with several main actors
including the gonadotropin-releasing hormone (GnRH), the gonadotropins
(luteinizing hormone (LH) and follicular-stimulating hormone (FSH)), and the
gonadal hormones are recognized as a key mechanism on human reproduction
[6]. Hypothalamic gonadotropin-releasing hormone, as a crucial regulator of the
HPG axis, with characteristic pulsatile secretion pattern, plays a dominant role in
the endocrine control of reproduction and its possible effects on implantation by
regulating downstream hormones which have been widely concerned so far [7].
Two GnRH molecules termed GnRH I (default as GnRH) and GnRH isoform II
(GnRH II) can be found in humans, and both of them play an important role during
the implantation period as shown in Figure 1 [6, 8].

+GnRH II

HPG axis « GnRH » Peripheral tissue
l GnRHR
Pitui;:ary Endometrium
LH, FSH l MAPK pathway
Gonads (Estrogen, Progesterone) Implantation

l LIF/STAT3 Pathway

Implantation

Figure 1.
Schematic of the HPG axis functions in implantation.
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2.1 GnRH functions in implantation via the pituitary-gonadal axis

In the HPG axis, after releasing from the hypothalamus in a pulsatile manner,
GnRH then binds to GnRH receptors (GnRHRs) on the pituitary gland, in response,
that LH and FSH are synthesized and secreted in pulse by the pituitary to match the
GnRH signal. Subsequently steroid hormones including progesterone and estrogen
are released from the gonads and form a loop by exerting a positive or a negative
feedback effect on GnRH releasing and gonadotropin [8]. Although it has been
reported that human type II receptor for GnRH II shows specific expression of the
receptor in the anterior pituitary and it also has been suggested that these receptors
might act together to regulate the biosynthesis and secretion of both LH and FSH,
further investigation should be completed [9, 10]. Thus here, we focus on the func-
tions of GnRH in implantation via the pituitary-gonadal axis. Since natural GnRH
has a short half-life, several GnRH synthetic analogues have been developed includ-
ing agonists and antagonists, which can be used to stimulate or block, respectively,
the pituitary-gonadal axis in an assisted reproductive technology (ART), particu-
larly often applied to prevent premature LH surge [11]. In women undergoing
IVF, GnRH agonist may improve the luteal phase support, used to trigger the final
oocyte maturation and to improve implantation and live birth rates [12]. Although
the effects of embryo implantation are still controversial, both of them are thought
to tightly correspond to the pituitary-gonadal axis and eventually result in the
fluctuation of the estrogen and progesterone level [6, 11].

Estrogen and progesterone regulate uterine cell proliferation and are necessary
for the changes in both the blastocyst and uterine epithelium for successful adhe-
sion, so an imbalance between estrogen and progesterone during the luteal phase
may lead to implantation defects [13]. Thus, it is quite clear that a deep understand-
ing of the action of estrogen and progesterone on the human endometrium will
allow a clear insight into the mechanism of determining endometrial receptivity in
embryo implantation.

So far, the molecular mechanism of estrogen regulation of maternal uterus
in implantation remains unclear. Some studies implicated that estrogen was not
essential for embryo implantation due to its receptor disappearance at the time of
implantation [14, 15]. However, some studies believed that only after sufficient
exposure to estrogen could progesterone exposure drive the endometrial receptivity
to embryo implantation in a brief period [16, 17]. In addition, it has been proven
that early growth response 1 (Egrl) as the downstream target is regulated by estro-
gen expression via leukemia inhibitory factor-signal transducer and activator of
transcription 3 (LIF-STAT3) signaling pathway in the uterus of a mouse, and it fur-
ther regulates stromal cell decidualization by regulating Wnt4 [18]. Furthermore,
some studies suggested that estrogen was a trigger to close the window of implanta-
tion via insulin-like growth factor 1 pathway and made the endometrium “recep-
tive” for blastocyst implantation [19, 20].

Progesterone production reaches its peak during the mid-luteal phase of the
cycle, and this is the time when the secretory endometrium is appropriately pre-
pared for the implantation of an embryo [8]. During the luteal phase, progesterone
is produced, in turn stimulating the proliferation of the lining of the uterus to
prepare for implantation by blocking the production of matrix metalloproteinase
(MMP) and stimulating the production of tissue factor (TF) and plasminogen
activator inhibitor 1 (PAI-1) [21, 22]. The phenomenon that a luteal phase support
with progesterone can improve the implantation and pregnancy rates indicates
lower progesterone and lower implantation [23, 24]. A review by Yoshinaga further
confirms that progesterone is also an indispensable factor for successful implanta-
tion and pregnancy maintenance [19].
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2.2 GnRH functions in implantation via peripheral reproductive tissue

The expression of GnRH/GnRH receptor (GnRHR) system and GnRH II in the
female reproductive tissues has been widely reported. Therefore, in addition to
its well-known function on the HPG axis, GnRH and GnRH II may also regulate
extrapituitary reproductive tissues through the local GnRHRs [24]. Both GnRH
and GnRH II have a dynamic pattern during the process of implantation; they may
regulate the procedure of trophoblast local invasion and embryo implantation
through the regulation of the proteolytic degradation of the extracellular matrix
of the endometrial stroma and the motility of decidua endometrial stromal cells
[6]. During the luteal phase of the menstrual cycle, high levels of both GnRH and
GnRHR are expressed in the endometrium; thus the blastocyst will prefer to attach
the endometrial epithelial surface and go through implantation [5, 7]. In mammals,
the distribution of GnRH II is more wide in peripheral tissue than that of GnRH I,
which hypothesized that GnRH II has extra functions and a possible regulator
in endometrial environment [9]. Huang et al. found that GnRH II could directly
regulate the behavior of endometrial cells. An embryo implantation failure may
be due to the dysfunction of human decidual endometrial stromal cell motility via
different pathways [25]. The hallmark events of implantation are represented by
tissue remodeling and angiogenesis, which are regulated by the activity of MMPs
and tissue inhibitors of MMPs (TIMPs) [26]. It has been demonstrated that GnRH
II may contribute to the regulation of the cell motility of decidual endometrial
stromal cells via the binding of GnRH-IRs, in turn stimulating the expression of
MAPK-mediated proteinases MMP-2 and MMP-9, which specifically degrade the
basement membrane and then facilitate the invasion and migration of decidual
endometrial stromal cells [6].

Given the evidence above, no matter via the GnRHR in the pituitary-gonadal
axis or via GnRHR in peripheral reproductive tissue, both pathways of GnRH func-
tions on implantation are potential candidate therapeutic targets for improving the
embryo implantation rate in the treatment of infertility.

3. Hypothalamus-pituitary-adrenal axis

In addition to the well-established role of the HPG axis in implantation and
infertility, the role of the hypothalamic-pituitary-adrenal axis (HPA axis) in the
reproductive tract also cannot be neglected. A hormone cycle also exists in the HPA
axis. After receiving neuronal signals, the corticotropin-releasing hormone (CRH)
secreted from the hypothalamus transports to function in the pituitary gland to
release adrenocorticotropic hormone (ACTH) and subsequently acts on the adrenal
cortex to produce glucocorticoid (GC) hormones (mainly cortisol in humans).
Eventually, the glucocorticoid hormones will act back on the hypothalamus and
pituitary (to suppress CRH and ACTH production) in a negative feedback cycle [3].
The hormone within the HPA axis can act at different levels of the HPG axis as well
as the uterus and other peripheral tissues; therefore we will discuss it in the follow-
ing part, respectively.

3.1 CRH functions in implantation
CRH is taking the lead in the HPA axis, and its expression is mediated by
its membrane receptors including CRH-R1 and CRH-R2 [27]. According to the

research, upregulating gal-1 expression by acting through the CRHR1 in Ishikawa
cell line and macrophages indeed indicates that CRH plays a critical role in
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implantation [28]. CRH has tremendous effects on implantation since it can impact
the HPG axis at different levels. In mammals, numerous GnRH-containing neurons
in the hypothalamus have been found to express both CRH receptors (CRH-R1,
CRH-R2) which can exert an estradiol-dependent effect of directly influencing
GnRH release in mice and rats, leading to a comparable change in serum LH levels,
and eventually contribute to the difference of response during implantation proce-
dure [29].

Besides, CRH serving as an autocrine and paracrine modulator is expressed in
peripheral tissue of the female reproductive system, including the endometrium
[30]. Early pregnancy, containing a higher concentration of CRH in the endome-
trium of a rat and killing activated T lymphocytes, can promote implantation and
maintain pregnancy [31]. Furthermore, CRH can downregulate the expression
of carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAM1) by
extravillous trophoblast cells, thereby controlling proper trophoblast invasion dur-
ing implantation [32].

3.2 ACTH functions in implantation

Besides the downstream effects from CRH, ACTH also has its certain effects in
implantation, though fewer studies have been investigated. Similar to CRH, chronic
ACTH stimulation also impacts on the HPG axis by inhibiting LH secretion to
impair the procedure of implantation. In the contrary, acute ACTH treatment may
result in a rapid increase of progesterone which will lead to a positive feedback and
induce the elevation of LH and FSH within the HPG axis [33]. A reference implied
that exogenous ACTH produced postponed implantation effects and resulted in
the high incidence of miscarriage and embryonic resorption [34]. However, further
investigation should be performed.

3.3 Glucocorticoid functions in implantation

Glucocorticoid (GC) is a measurement of stress and leads to well-characterized
profound reproduction function by suppressing the HPG axis and influencing the
peripheral tissue [35]. Some studies indicated that maintaining the administration
of glucocorticoids could improve pregnancy rates and outcomes both in animals
and human beings [36, 37]. Therefore, to elucidate the role of glucocorticoids in
implantation, the following two dimensions will be depicted.

3.3.1 Via the HPG axis

As a pivotal hormone in the HPA axis, GC has been demonstrated with the
function of decreasing the release of GnRH from the hypothalamus, both directly
and indirectly inhibiting GnRH pulses or inhibiting upstream regulators of GnRH
release, in turn exerting direct effects on the anterior pituitary of the release of the
gonadotropins, eventually influencing the steroid hormones from gonads [38].

GnRH-containing neurons also express glucocorticoid receptors (GRs) and have
an effect of directly inhibiting GnRH release in mice and rats, leading to a decrease
of serum LH [39]. Besides, evidences showed that chronic corticosterone (CORT)
treatment could inhibit directly GnRH release in the hypothalamus and influence
on implantation and reproduction [29, 40]. Another method is via modulating the
hormones upstream of GnRH, mainly including kisspeptin (KISS1) and RFamide-
related peptide-3 (RFRP-3) [41]. Both of these two hormones express GRs, imply-
ing that they could potentially respond to GC and suppress the release of GnRH,
leading to the fluctuation of LH and FSH from the pituitary [42].
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In addition to the secondary signaling effects on the pituitary, glucocorticoid can
directly inhibit its secretion by different mechanisms at the level of the pituitary,
including modulating the sensitivity of the pituitary to changes in GnRH secretion
and further decreasing the synthesis and secretion of LH and FSH from the pitu-
itary [43]. However, a study showed that the effects of glucocorticoid directly on
the pituitary in secretion and synthesis were highly variable [44]; thereby further
studies should be performed in this field.

The gonads, as the lowest level in the HPG axis, are another crucial component
for glucocorticoids to regulate, which GC exhibits both stimulatory and inhibitory
effects on it [45]. GC can modulate the expression of the LH receptor (LHR) on the
gonads, and it also can inhibit the synthesis of testosterone (T), estrogen (E2), and
progesterone (P). Hence, it can easily dysregulate these signals and cause profound
fertility problems in both ovarian function during ovulation and uterine function
during fertilization, implantation, and pregnancy [43].

3.3.2 Via the peripheral tissue

In addition to the effects of GC and GR on the central nervous system,
GR expression also has been demonstrated in the peripheral tissue [35].
Mifepristone, a potent high-affinity GR antagonist, also implied the effects of
GC regulating embryo attachment and invasion [46]. However, direct evidence
implicating GR signaling in uterine biology has been described only recently.
The study suggested that decreased blastocyst implantation rate and subsequent
defects in stromal cell decidualization were found out in a uterine-specific gluco-
corticoid receptor (GR) knockout (uterine GR KO) mouse. As a master regulator,
GC repressed some important gene expression and eventually influenced the
uterine environment [35].

4. Hypothalamus-pituitary-thyroid axis

There are three dominant hormones within the hypothalamus-pituitary-thyroid
axis (HPT axis), such as thyrotropin-releasing hormone (TRH), thyrotropin-
stimulating hormone (TSH), and thyroid hormone (TH: T3 and T4) [3]. When it
comes to pregnancy accompanied with thyroid disease, we always ascribe subfertil-
ity and recurrent miscarriage to either hypothyroidism or hyperthyroidism [47].

In in vivo studies, it has been demonstrated that hypothyroidism might have a dual
effect on pregnancy, by influencing implantation at a very early stage and regulat-
ing placental development at the later stage [48]. Moreover, thyroid hormone
receptors, expressed in the endometrium and trophoblast during implantation, can
influence the feto-maternal interface [49]. In in vitro studies, it has been proven
that TH is involved in the bidirectional cross talk between the blastocyst and
endometrium during implantation. In hypothyroid females, lower levels of both
ISP1 and ISP2 (two key regulators of embryo implantation) could be found in the
uterus [48]. Furthermore, TH impacts both the endometrium and the trophoblast,
via either directly or indirectly through TH effects on the synthesis and activity of
implantation-mediating molecules [50]. Although a research indicated that when
TSH value was below 2.5 mIU/L, no association varying TSH values and implanta-
tion was detected [51]. TH receptors (TRs) and TSH receptors (TSHRs) were
broadly presented in the feto-maternal unit [50] and even increase the expression
of TSHR, TRal, TRa2, and TRbl in endometrial cells during peri-implantation [52].
Moreover, TH synthesis is related to several transcripts, including prolyl 4-hydroxy-
lase beta (P4HB), a molecular chaperone involved in endocytosis of immature
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thyroglobulin (Tg) molecules, thyroid peroxidase (TPO), and Tg, which also could
be discovered in the endometrium [53].

Beyond that, hypothyroidism can result in development of reduced endometrial
thickness, because of reducing the uterine cells’ estrogenic response [54]. In addi-
tion to affecting the proliferation and maturation of endometrial tissue, TH also
could have profound effects on the regulation of the HPG axis and subsequently on
implantation [55]. Angiogenesis and endometrium remodeling are considered as
pivotal events for successful implantation, decidualization, and placentation, while
it has been demonstrated that TH can exert an important role in angiogenesis via
both genomic and non-genomic mechanisms in a variety of animal models [56].
Besides, TH regulates integrin awp3, a class of cell adhesion molecules (CAMs)
that interacts with extracellular matrix (ECM) ligands, matrix metalloproteinases
(MMPs), and other CAMs, playing a critical role in the cascade of events to success-
ful implantation [57].

In summary, it is clearly suggested that both TSH and TH are essential players in
the mechanism of regulating implantation based on current experimental and clini-
cal evidences. However, less evidence shows the influence of TRH on the implanta-
tion procedure; thus further exploration needs to be continued.

5. Hypothalamo-neurohypophyseal system

Hormones from the posterior lobe of the pituitary also play an essential role in
neuroendocrine and implantation. The hypothalamo-neurohypophyseal system
is composed of the hypothalamus and posterior pituitary, regarded as the site
for secretion of neurohypophysial hormones, classically including oxytocin and
vasopressin [58].

It is well established that apt uterine contractile activity uterus is vital to suc-
cessful implantation, and it has been proven that both oxytocin and vasopressin
receptors are expressed in the uterus, which are closely relevant to the contractile
activity of the uterus [49]. Both oxytocin and vasopressin receptors belong to the
class I family of G-coupled receptors, regulating uterus contraction via a central
or peripheral pathway [59]. So far, massive research literature indicated that
oxytocin and vasopressin antagonist treatment was effective in priming of the
uterus for implantation and consequently improved the implantation rate after
IVF [58, 60-62].

Atosiban, a mixed vasopressin Vla and oxytocin receptor antagonist, have
been demonstrated to improve uterine receptivity, provide a decrease in uterine
contractile activity, and increase endometrial blood perfusion in women under-
going embryo transfer [58]. Another important effect of atosiban is to decrease
endometrial perfusion and embryonic survival rate by inhibiting the stimulation of
the endometrial production of prostaglandin F2a in an animal model [63]. With the
beneficial of improving uterine environment, atosiban can be a specific treatment
for the improvement of implantation rate following IVF-ET [64]. Thereby, the novel
class of drugs based on these two receptors and its relative pathway for improving
implantation rate and pregnancy outcomes still need to be further explored.

6. Neuroendocrine systems improve implantation rate in IVF-ET
Infertility gradually becomes an epidemic problem and brings an enormous

burden on about 10% of the couples in child-bearing age [65]. Implantation con-
cerns frequently arise in couples with infertility, especially in the setting of assisted
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reproductive technology (ART) cycles [4]. Regardless of the impressive develop-
ment in ART, there are still approximately 10-15% of the infertile couples suffering
from recurrent implantation failure (RIF) [2].

According to the literature, factors involved in recurrent implantation failure
can be summarized in three aspects such as decreased endometrial receptiv-
ity, defective embryonic developments, and others [2, 4]. However, only the
evidence about different axes of hormones from neuroendocrine influencing
the procedure of implantation has been concluded in this paper, and it mainly
focuses on the aspect of decreasing maternal endometrium receptivity but less
on blastocyst (Table 1).

Furthermore, the relevant literatures of ACTH, TRH, as well as TSH on implan-
tation procedure are less, and their mechanisms are not elaborated enough. Hence,
studies aiming to better define the association between neuroendocrine system and
implantation processes should be further investigated, which may lead to further
therapeutic intervention, thereby optimizing embryo implantation and eventually
improving the success rate following IVF-ET.

HPG axis GnRH and GnRH-II Altered expression of adhesive molecules

LH and FSH -
Estrogen and Progesterone Endometrium thickness
Altered expression of adhesive molecules
Immunological factors
Prevent thrombus formation
HPA axis CRH Modulating HPG axis
Altered expression of adhesive molecules
Immunological factors
ACTH Modulating HPG axis
GCs Modulating HPG axis
Regulating uterine environment
Embryao attachment and invasion
HPT axis TRH -
TSH Feto-maternalinterface
TH Feto-maternal interface
Endometrium thickness
Modulating HPG axis
Angiogenesis
Altered expression of adhesive molecules
Hypothalamus- Oxytocin &Vasopressin Uterine caontractile activity

neurohypophyseal
system

Endometrium perfusion

Table 1.
Mainly aspects of neuroendocrine hormones involved in improving the condition of RIF.



The Role of Neuroendocrine in Embryo Implantation
DOI: http://dx.doi.org/10.5772/intechopen.87863

Author details

Fenting Liu and Rong Li*

Center for Reproductive Medicine, Department of Obstetrics and Gynecology,
Peking University Third Hospital, Beijing, China

*Address all correspondence to: roseli001@sina.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Embryology - Theory and Practice

References

[1] Leén-Olea M et al. Current concepts
in neuroendocrine disruption. General
and Comparative Endocrinology.
2014;203:158-173

[2] Margalioth EJ et al. Investigation
and treatment of repeated implantation
failure following IVF-ET. Human
Reproduction. 2006;21(12):3036-3043

[3] Musumeci G, Castorina S,
Castrogiovanni P, Loreto C, Leonardi
R, Aiello FC, et al. A journey through
the pituitary gland: Development,
structure and function, with
emphasis on embryo-foetal and later
development. Acta Histochemica.
2015;117(4-5):355-366

[4] Simon A, Laufer N. Repeated
implantation failure: Clinical
approach. Fertility and Sterility.
2012;97(5):1039-1043

[5] Maggi R et al. GnRH and GnRH
receptors in the pathophysiology
of the human female reproductive

system. Human Reproduction Update.
2016;22(3):358-381

[6] Wu HM et al. Gonadotropin-
releasing hormone type II (GnRH-II)
agonist regulates the motility of

human decidual endometrial stromal
cells: Possible effect on embryo
implantation and pregnancy. Biology of
Reproduction. 2015;92(4):98

[7] Yu B et al. The role of

peripheral gonadotropin-releasing
hormone receptors in female
reproduction. Fertility and Sterility.

2011;95(2):465-473

[8] Barbieri RL. The endocrinology of
the menstrual cycle. In: Rosenwaks Z,
Wassarman P, editors. Human Fertility.
Methods in Molecular Biology (Methods
and Protocols). Vol. 1154. New York,
NY: Humana Press; 2014. pp. 145-169

10

[9] Millar RP et al. A novel mammalian
receptor for the evolutionarily
conserved type II gonadotropin-
releasing hormone. Proceedings of

the National Academy of Sciences

of the United States of America.
2001;98:9636-9641

[10] Millar RP. GnRH-II and
type-II GnRH receptors. Trends in
Endocrinology and Metabolism.
2003;14:35-43

[11] Meng Y et al. Effects of GnRH
antagonist on endometrial protein
profiles in the window of implantation.
Proteomics. 2014314 (20):2350-2235

[12] Thor H, Matheus R, Esteves SC,
Peter H. GnRH agonist trigger and LH
activity luteal phase support versus hCG
trigger and conventional luteal phase
support in fresh embryo transfer IVF/
ICSI cycles—A systematic PRISMA
review and meta-analysis. Frontiers in
Endocrinology. 2017;8:116

[13] Lessey BA, Young SL. Homeostasis
imbalance in the endometrium of
women with implantation defects:

The role of estrogen and progesterone.
Seminars in Reproductive Medicine.
2014;32(5):365-375

[14] Ghosh D, De P, Sengupta J. Luteal
phase ovarian oestrogen is not essential
for implantation and maintenance of
pregnancy from surrogate embryo
transfer in the rhesus monkey. Human
Reproduction. 1994;9:629

[15] Donaghay M, Lessey BA. Uterine
receptivity: Alterations associated
with benign gynecological disease.

Seminars in Reproduction Medicine.
2007;25(6):461-475

[16] Groll JM, Usadi RS, Lessey BA,
Lininger R, Young SL, Fritz
MA. Effects of variations in serum



The Role of Neuroendocrine in Embryo Implantation

DOI: http://dx.doi.org/10.5772/intechopen.87863

estradiol concentrations on secretory
endometrial development and function
in experimentally induced cycles in
normal women. Fertility and Sterility.
2009;92(6):2058-2061

[17] Young SL. Oestrogen and
progesterone action on endometrium: A
translational approach to understanding
endometrial receptivity. Reproductive
Biomedicine Online. 2013;27(5):497-505

[18] Liang XH et al. Egrl protein acts
downstream of estrogen-leukemia
inhibitory factor (LIF)-STAT3
pathway and plays a role during
implantation through targeting Wnt4.
Journal of Biological Chemistry.
2014;289(34):23534-23545

[19] Yoshinaga K. Progesterone and its
downstream molecules as blastocyst
implantation essential factors. American
Journal of Reproductive Immunology.
2014;72(2):117-128

[20] Kobayashi R et al. The window of
implantation is closed by estrogen via
insulin-like growth factor 1 pathway.
Journal of Reproduction & Infertility.
2017;18(2):231-241

[21] Liu X, Nie J, Guo SW. Elevated
immunoreactivity to tissue factor and
its association with dysmenorrhea
severity and the amount of menses in
adenomyosis. Human Reproduction.

2011;26:337-345

[22] Nordengren J, Pilka R, Noskova V,
et al. Differential localization and
expression of urokinase plasminogen
activator (uPA), its receptor (uPAR)
and its inhibitor PAI-1 mRNA and
protein in endometrial tissue during
the menstrual cycle. Molecular Human
Reproduction. 2004;10:655-663

[23] van der Linden M, Buckingham K,
Farquhar C, Kremer JA, Metwally M.
Luteal phase support for assisted
reproduction cycles. The Cochrane

11

Database of Systematic Reviews.
2015;7:CD009154

[24] Tan O, Bukulmez O. Biochemistry,
molecular biology and cell biology

of gonadotropin-releasing hormone
antagonists. Current Opinion

of Obstetrics and Gynecology.
2011;23:238-244

[25] Huang F, Wang H, ZouY, Liu Q,
Cao], Yin T. Effect of GnRH-II on the
ESC proliferation, apoptosis and VEGF
secretion in patients with endometriosis
in vitro. International Journal of
Clinical and Experimental Pathology.
2013;6(11):2487-2496

[26] Naruse K, Lash GB, Otun H,

et al. Localization of matrix
metalloproteinase (MMP)-2, MMP-9
and tissue inhibitors for MMPs
(TIMPs) in uterine natural killer cells

in early human pregnancy. Human
Reproduction. 2009;24(3):553-561

[27] Hillhouse EW, Grammatopoulos
DK. The molecular mechanisms
underlying the regulation of the
biological activity of corticotropin-
releasing hormone receptors:
Implications for physiology and
pathophysiology. Endocrine Reviews.
2006;27:260-286

[28] Vergetaki A, Jeschke U, Vrekoussis
T, Taliouri E, Sabatini L, Papakonstanti
EA, et al. Galectin-1 overexpression

in endometriosis and its regulation by
neuropeptides (CRH, UCN) indicating
its important role in reproduction

and inflammation. PLoS ONE.
2014;9(12):€114229

[29] Phumsatitpong C, Moenter SM.
Estradiol-dependent stimulation and
suppression of gonadotropin-releasing
hormone neuron firing activity by
corticotropin-releasing hormone

in female mice. Endocrinology.
2018;159(1):414-425



Embryology - Theory and Practice

[30] Kalantaridou SN et al.
Corticotropin-releasing hormone, stress
and human reproduction: An update.
Journal of Reproduction Immunology.

2010;85(1):33-39

[31] Makrigiannakis A, Zoumakis E,
Kalantaridou S, Coutifaris C, Margioris
AN, Coukos G, et al. Corticotropin-
releasing hormone promotes blastocyst
implantation and early maternal
tolerance. Nature Immunology.
2011;2:1018-1024

[32] Bamberger AM, Minas'V,
Kalantaridou SN, Radde ], Sadeghian H,
Loning T, et al. Corticotropin-releasing
hormone modulates human trophoblast
invasion through carcinoembryonic
antigen-related cell adhesion molecule-1

regulation. American Journal of
Pathology. 2006;168:141-150

[33] Brann DW, Mahesh VB. Role of
corticosteroids in female reproduction.
FASEB Journal. 1991;5(12):2691-2698

[34] Chatterjee A, Harper

M]J. Interruption of implantation
and gestation in rats by reserpine,
chlorpromazine and ACTH: Possible
mode of action. Endocrinology.
1970;5(87):966-969

[35] Whirledge SD et al. Uterine
glucocorticoid receptors are critical
for fertility in mice through control
of embryo implantation and
decidualization. Proceedings of

the National Academy of Sciences.
2015;112(49):15166-15171

[36] Boomsma CM, Keay SD, Macklon
NS. Peri-implantation glucocorticoid
administration for assisted reproductive
technology cycles. Cochrane

Database of Systematic Reviews.
2007;24(1):CD005996

[37] Duong HT, Piotrowska-Tomala KK,
Acosta TJ, Bah MM, Sinderewicz E,
Majewska M, et al. Effects of cortisol
on pregnancy rate and corpus luteum

12

function in heifers: An in vivo
study. Journal of Reproduction and
Development. 2012;58(2):223-230

[38] Geraghty AC, Kaufer

D. Glucocorticoid regulation of
reproduction. In: Wang JC, Harris
C, editors. Glucocorticoid Signaling.
Advances in Experimental Medicine
and Biology. Vol. 872. New York, NY:
Springer; 2015. pp. 253-278

[39] Mohsen A et al. A novel non-
genomic glucocorticoid signaling
mediated by a membrane palmitoylated
glucocorticoid receptor cross talks with
GnRH in gonadotrope cells. Scientific
Reports. 2017;1(7):1537

[40] Gore AC et al. Glucocorticoid
repression of the reproductive axis:
Effects on GnRH and gonadotropin
subunit mRNA levels. Molecular
and Cellular Endocrinology.
2006;256(1-2):40-48

[41] Ciechanowska M, Lapot M,
Paruszewska E, et al. The influence

of dopaminergic system inhibition on
biosynthesis of gonadotrophin-releasing
hormone (GnRH) and GnRH receptor
in anoestrous sheep; hierarchical role

of kisspeptin and RFamide-related
peptide-3 (RFRP-3). Reproduction,
Fertility and Development.
2018;30(4):672-680

[42] Takumi K, Iijima N, Higo S, Ozawa
H. Immunohistochemical analysis of the
colocalization of corticotropin-releasing
hormone receptor and glucocorticoid
receptor in kisspeptin neurons in

the hypothalamus of female rats.
Neuroscience Letters. 2012;531(1):40-45

[43] Whirledge S, Cidlowski JA. A role
for glucocorticoids in stress-impaired
reproduction: Beyond the hypothalamus

and pituitary. Endocrinology.
2013;154(12):4450-4468

[44] Du Ruisseau P, Taché Y, Brazeau P,
Collu R. Effects of chronic



The Role of Neuroendocrine in Embryo Implantation

DOI: http://dx.doi.org/10.5772/intechopen.87863

immobilization stress on pituitary
hormone secretion, on hypothalamic
factor levels, and on pituitary
responsiveness to LHRH and TRH

in female rats. Neuroendocrinology.
1979;29(2):90-99

[45] Michael AE, Pester LA, Curtis P,
Shaw RW, Edwards CR, Cooke BA.
Direct inhibition of ovarian
steroidogenesis by cortisol and

the modulatory role of 11 beta-
hydroxysteroid dehydrogenase. Clinical
Endocrinology. 1993;38(6):641-644

[46] Couzinet B, Le Strat N, Ulmann A,
Baulieu EE, Schaison G. Termination
of early pregnancy by the progesterone
antagonist RU 486 (Mifepristone).
New England Journal of Medicine.
1986;315(25):1565-1570

[47] Twig G, Shina A, Amital H,
Shoenfeld Y. Pathogenesis of infertility
and recurrent pregnancy loss in

thyroid autoimmunity. Journal of
Autoimmunity. 2012;38(2-3):J275-]J28

[48] Piccirilli D, Baldini E, Massimiani
M, Camaioni A, Salustri A, Bernardini
R, et al. Thyroid hormone regulates
protease expression and activation

of notch signaling in implantation

and embryo development. Journal of
Endocrinology. 2018;236(1):1

[49] van den Boogaard E, Vissenberg
RLand JA, van Wely M, van der Post JA,
Goddijn M, Bisschop PH. Significance
of (sub)clinical thyroid dysfunction

and thyroid autoimmunity before
conception and in early pregnancy: A
systematic review. Human Reproduction
Update. 2011;17(5):605-619

[50] Colicchia M et al. Molecular basis
of thyrotropin and thyroid hormone
action during implantation and early

development. Human Reproduction
Update. 2014;20(6):884-904

[51] Green KA et al. Investigating the
optimal preconception TSH range

13

for patients undergoing IVF when
controlling for embryo quality. Journal
of Assisted Reproduction and Genetics.
2015;32(10):1469-1476

[52] Sayem ASM et al. Effects of
thyroxine on expression of proteins
related to thyroid hormone functions
(TR-a, TR-B, RXR and ERK1/2) in
uterus during peri-implantation period.

Biomedicine & Pharmacotherapy.
2017;96:1016-1021

[53] Catalano RD, Critchley

HO, Heikinheimo O, Baird DT,
Hapangama D, Sherwin JRA, et al.
Mifepristone induced progesterone
withdrawal reveals novel regulatory
pathways in human endometrium.

Molecular Human Reproduction.
2007;13:641-654

[54] Inuwa I, Williams MA.
Morphometric study on the uterine
horn and thyroid gland in hypothyroid
and thyroxin treated hypothyroid rats.
Journal of Anatomy. 1996;188:383-393

[55] Redmond GP. Thyroid dysfunction
and women’s reproductive health.
Thyroid. 2004;14:S5-S15

[56] Yalcin M, Dyskin E, Lansing L,
Bharali DJ, Mousa SS, Bridoux A, et al.
Tetraiodothyroacetic acid (tetrac) and
nanoparticulate tetrac arrest growth of
medullary carcinoma of the thyroid.
Journal of Clinical Endocrinology and
Metabolism. 2010;95:1972-1980

[57] Tei C, Maruyama T, Kuji N,
Miyazaki T, Mikami M, Yoshimura

Y. Reduced expression of alphavbeta3
integrin in the endometrium of
unexplained infertility patients with
recurrent IVF-ET failures: Improvement
by danazol treatment. Journal of
Assisted Reproduction and Genetics.
2003;20:13-20

[58] Pierzynski P. Oxytocin and
vasopressin V(1A) receptors as
new therapeutic targets in assisted



Embryology - Theory and Practice

reproduction. Reproductive
Biomedicine Online. 2011;22(1):9-16

[59] Chini B, Fanelli F. Molecular basis of
ligand binding and receptor activation
in the oxytocin and vasopressin receptor
family. Experimental Physiology.
2010;85, s1:59s-66s

[60] Chou PY et al. Use of an oxytocin
antagonist in in vitro fertilization-
embryo transfer for women with
repeated implantation failure: A
retrospective study. Taiwanese
Journal of Obstetrics & Gynecology.
2011;50(2):136-140

[61] Khairy M et al. The effect of peri-
implantation administration of uterine
relaxing agents in assisted reproduction
treatment cycles: A systematic review

and meta-analysis. Reproductive
Biomedicine Online. 2016;32(4):362-376

[62] Kim SK et al. Efficacy of oxytocin
antagonist infusion in improving

in vitro fertilization outcomes on the
day of embryo transfer: A meta-analysis.
Clinical and Experimental Reproductive
Medicine. 2016;43(4):233-239

[63] Lemaster JW, Seals RC,

Hopkins FM, Schrick FN. Effects

of administration of oxytocin on
embryonic survival in progestogen
supplemented cattle. Prostaglandins and
Other Lipid Mediators. 1999;57:259-268

[64] Moraloglu O et al. Treatment with
oxytocin antagonists before embryo
transfer may increase implantation rates
after IVF. Reproductive Biomedicine
Online. 2010;21(3):338-343

[65] Boivin ], Bunting L, Collins JA,
Nygren KG. International estimates of
infertility prevalence and treatment-
seeking: Potential need and demand

for infertility medical care. Human
Reproduction. 2007;22:1506-1512

14



