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Chapter

Genetic and Hormonal Regulation
of Egg Formation in the Oviduct
of Laying Hens

Bivendra Mishra, Nirvay Sah and Sanjeev Wasti

Abstract

The chicken oviduct is a unique organ in which ovulated yolk transforms into
a complete egg. Ovarian hormones induce the cellular and biochemical changes
in the oviducts during the egg formation and oviposition. Estradiol regulates the
folliculogenesis, accumulation of yolk in the follicles, ovulation, and development
of oviducts. Estradiol also induces glandular development and expression of the
genes responsible for egg white proteins. Progesterone induces the ovulation of yolk
from the ovary, and development of oviductal glands. In addition, several genes are
spatiotemporally expressed in the magnum for albumen synthesis and deposition
around the yolk, in the isthmus for shell membranes synthesis, and in the uterus for
eggshell biomineralization. This chapter highlights the involvement of hormones,
genes/proteins, and their interaction for egg formation in the oviduct of laying hens.
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1. Introduction

The poultry oviduct provides the biological environment for the egg formation
and fertilization of ovulated oocyte. The hens are born with a pair of ovary and
oviduct, however, the development of the right ovary and oviduct cease and gradu-
ally regress. The left ovary and the oviduct remain functional and contribute in the
egg formation. The oviduct is a long tubular structure consisting of five function-
ally and histomorphologically distinct segments namely: the infundibulum (site of
fertilization), the magnum (production of components of egg white), the isthmus
(formation of the egg shell-membranes), the shell gland or uterus (formation of
calcified eggshell), and the vagina (oviposition or egg laying). Following ovulation,
the ovum passes through the entire length of the oviduct, where the constituents
of the egg are secreted and deposited from respective parts of the oviduct. The
yolk enters the oviduct, and in about 24-28 h, a complete egg is formed. While the
egg traverses through the oviduct, each segment of the oviduct either produces
a component of the egg or has a vital non-secretory role. Besides environmental,
nutritional, and pathological conditions, oviductal functions also govern the
egg production and quality. The formation of the egg inside the oviduct is highly
complex and is under genetic and hormonal control. There are several genes and
biological pathways involved in the egg formation [1, 2]. The purpose of this
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chapter is to provide updated information on the role of hormones, genes/protein,
and their interaction that trigger histomorphological and biochemical changes in
the segments of oviduct for egg formation.

2. Histomorphology and functions of the oviduct

The infundibulum in hens encloses the whole ovary and has two distinctions:
the membranous and the muscular infundibulum. The membranous infundibulum
covers the ovarian cluster, while the muscular infundibulum is lined by ciliated cells
and acts as a passage for the yolk inside the oviduct. The egg remains for a very brief
period (15-30 min) in the infundibulum and then descends in the magnum where
albumen is deposited around it. The infundibulum, therefore, is also the site for
any potential fertilization of the ovum. The magnum is the largest segment of the
oviduct and produces the egg-white proteins which surround the yolk. The glandular
epithelial cells of the magnum synthesize the different egg-white proteins, store
them, and secrete only for the 2-3 h duration when the egg is present in it, whereas,
the ciliated epithelial cells aid in egg transport. The egg-white is rich in protein and
is the main source of nutrient for the embryo during development. It also contains
some antimicrobial proteins that protect the embryo from pathogenic microbes.
The albumen constitutes more than 60% of the total egg, so determines the egg
weight and hatchling weight. Later, the egg moves down in the isthmus, the bridging
segment between the magnum and the shell gland, where it remains for 1-2 h. In the
isthmus, the outer and inner eggshell membranes (ESM) are formed around the egg
albumen. The eggshell membranes are fibrous networks holding the jelly egg-white
in the center and also provide the site for initiation of eggshell mineralization. After
being enveloped by the ESM, the egg moves in the shell gland and sits there for
nearly 18-22 h during which the calcite crystals are deposited on the ESM to form the
eggshell. The eggshell is 95% calcium by composition and thus, is the main source of
calcium for the growing embryo. The organization of the eggshell prevents the pas-
sage of external microbes inside the egg while allowing the movement of air inside
the egg for the inchoate embryo to breathe. Eventually, after complete mineraliza-
tion of the eggshell, the egg is held momentarily in the vagina. Pigmentation of eggs,
in some birds, is completed in the vagina and finally, the egg is laid out.

3. Genetic regulation of egg formation

The egg formation is regulated through the spatiotemporal expression of genes/
proteins and biological pathways in the segments of oviduct. The protein-coding
genes expressed in the oviduct regulate the movement of egg, deposition of the egg
constituents, and ensure the formation of quality eggs. The genetic regulation of
egg formation in the oviduct is discussed below based on the genesis of each egg
component.

3.1 Genetic regulation of albumen formation

The albumen, also known as egg-white, is the protein-rich jelly portion of a
fresh egg. It is a composite of nearly 148 different proteins that are vital for the
survival and growth of the chicken embryo. The fundamental proteins include
ovalbumin (OVAL), conalbumin (TF), ovomucoid (OVM), ovomucin (MUC),
and lysozyme (LYZ), among others. OVAL is a structural protein making up about
54% of the total egg-white protein. Ovalbumin X, a homolog of the OVAL protein,
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has antimicrobial property [3]. TF also has some antimicrobial action [4, 5]. OVM
is a trypsin inhibitor and an antimicrobial agent [6]. MUC is a mucoprotein hav-
ing anti-bacterial and anti-viral activity [7, 8]. LYZ has some very well-known
antibiotic effects. Most of these fundamental albumen proteins are synthesized in
the tubular gland cells of the magnum. The amino-acids required for the genesis of
these proteins are transported from the circulation across the epithelial membrane
into the gland cells by special transporter genes; the solute carriers (SLCs). The
expression of many SLC mRNAs is increased in the magnum epithelium during
the egg formation (Sah et al., unpublished). The synthesis of OVAL, TF, OVM, and
LYZ proteins occur in a single cell-type (gland cells) continuously at a proportional
rate to their abundance in the egg-white [9]. The expression of OVAL, TF, OVM,
and LYZ mRNA is upregulated in the magnum of laying hens during 4-23 h post-
ovulation [10].

Once the egg enters the magnum, it creates a mechanical distention of the mag-
num wall which elicits the stimulus to trigger the release of the stored proteins. One
such molecule that provokes the secretion of the proteins from the epithelial cells
is relaxin (RLN3). Expression of RNL3 mRNA is increased in the magnum with the
presence of an egg in laying hens (Sah et al., unpublished). The renin-angiotensin
system (RAS), besides its renal function, participate in the protein secretion-
signaling pathway. The OVAL, TF, OVM, and LYZ proteins are released in secretory
granules from the glands and deposited over the yolk. Some other proteins that get
incorporated in the egg-white for its defense are avian beta-defensins, cystatin, and
avidin [11-13].

3.2 Genetic regulation of eggshell membrane formation

The eggshell membranes are fibrous networks arranged in outer and inner layers
interconnected with fibers making up a highly cross-linked fibrous meshwork. This
meshwork provides the nucleation sites for the initiation of eggshell mineraliza-
tion. Disruption in the formation and organization of these cross-linked fibers
can negatively impact the eggshell strength [14]. The expression of several genes
and proteins, when the egg is in the isthmus, is critical to the formation of the
ESM. Collagens are the fundamental fibrous components of the ESM. The expres-
sion of collagen X (COL10A1) mRNA is higher in the isthmus of laying hens [14]. The
collagen X proteins are homotrimer of a-1 chains secreted from the tubular gland
cells of the isthmus [15] that provide the structural integrity to the ESM. Beside
collagens, the ESM formation depends on other proteins such as fibrillin-1, cysteine-
rich eggshell membrane protein (CREMP), lysyl oxidases, quiescin Q6 sulfhydryl
oxidase 1 (QSOX1), and thioredoxin [1]. The fibrillin-1 is a microfibrillar glycopro-
tein whose mRNA is over-expressed only in the isthmus [14]. Fibrillin-1 gives the
elastic nature to the ESM. The major constituency of cysteine in the ESM comes
from CREMPs which are expressed most in the isthmus. The CREMP also has some
antibacterial effect in the egg. Lysyl oxidases, on the other hand, are enzymes found
in the ESM that mediate the formation of cross-links between collagen and ESM
fibrillar proteins [16]. The QSOX1 protein also mediates the genesis of ESM mesh-
work and regulates the integrity of the ESMs [17]. The enzyme thioredoxin catalyzes
the formation of disulfide cross-links between fibrillar proteins.

3.3 Genetic regulation of eggshell biomineralization
The chicken eggshell, the outermost calcified layer, is very critical for the safety

of the eggs. The roles of several genes and proteins in synthesis and mineralization of
the eggshell has widely been explored. The eggshell mineralization is activated with
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the formation of calcite nodules on the outer ESM and is continued with deposition
and elongation of calcium carbonate crystals. The mineralization process occurs in an
acidic medium in the extracellular matrix uterine fluid. Matrix proteins such as ovoclei-
dins, ovocalyxins, and osteopontin have well-established roles in the organization of
the calcite crystals during eggshell calcification. Other localized proteins of the uterine
epithelium such as, calbindin, calcitonin, otopetrin, and ATPases, as well, have crucial
functions in ion-regulation across the uterine epithelium for the mineralization of egg.
For the eggshell formation, huge amount of calcium is required which is sup-
plied partly through dietary sources and mostly through the mobilized calcium ions
from medullary bones. The ion-transporting proteins, otopetrin-2, and ATPase
2C2, actively aids in the transfer of the Ca**-ions from the blood circulation into
the uterine epithelial cells [1]. Calcium is also imported in the uterine epithelium
passively via calcium-ion channels. Calcium-transporting ATPase (ATP2C2) and
calcitonin-related polypeptide-p (CALCB) trigger the intracellular release of Ca*'-
ions from calcium reserve pools such as Golgi apparatus and endoplasmic reticulum
[2]. The increased concentration of intracellular Ca**-ions in the uterine epithelium
is maintained by calbindin 1. Calbindin-1 facilitates the transport of intracellular
Ca’*-ions to the extracellular matrix (ECM) in the uterine lumen [18]. Plasma mem-
brane Ca-ATPases (PMCA) and sodium calcium exchangers (NCX) are the essential
proteins necessary for the efflux of Ca’*-ions into the uterine fluid [18]. Both PMCA
and NCX transport one molecule of Ca-ion with a simultaneous import of one Na*-
ion in the uterine epithelium. ATPases such as ATP2B1 and ATP2B2 also transport
Ca’*-ions at the expense of H*-ions import [2, 19]. The resultant increased in cel-
lular Na*-ions is offset with the efflux of those excess ions by ATP1A1, ATP1B1, and
NKAIN4 but with the contemporaneous influx of K*-ions in the uterine epithelium.
Again, the elevated concentrations of K-ions are nullified by efflux via K*-ion
channel proteins such as KCNH1 or KCN]J2 [2, 19]. As such, the transport of Ca*-
ions across the uterine epithelium requires the balance of Na*-, K*-, and H*- ions
which are regulated by ATPases, ion-channel and some other proteins. Bicarbonate
(HCO;")-ions are equally important in the mineralization of eggshell. The enzyme,
carbonic anhydrase, catalyzes the formation of cellular HCO; -ions from carbon
dioxide and water. The HCO; -ions are then carried out into the uterine fluid by spe-
cial transporter proteins, the solute carriers. These HCO; -ions eventually combine
with the free Ca-ions in the fluid bathing the egg to make calcite crystals.
Ovocleidins (OC) are eggshell matrix proteins which regulate the crystallization
phenomenon in the uterus. The OC-17 catalyzes the mineralization of amorphous
calcium carbonate to calcite crystals [20]. OC-116 regulates the organization of cal-
cite crystals in the eggshell. Ovocalyxins (OCX) has three major member proteins
which participate in eggshell mineralization. The OCX-32 controls the morphology
of the calcite crystals and has a rather anti-mineralization function during the ter-
mination phase of calcification [21]. The direct role of OCX-36 in eggshell calcifica-
tion has not been established, however, it protects the egg from microbial invasion
[22]. Another member of the ovocalyxins, OCX-21, ensures the quality eggshell
formation by providing a conducive environment [23]. Osteopontin, known as a
secreted phosphoprotein, is also a negative regulator of calcification and determines

the form and shape of the eggshell [24].

3.4 Ubiquitous proteins of the oviduct in the regulation of egg formation
Matrix metalloproteases (MMPs) are ubiquitous proteases that are known to

degrade different extracellular matrix proteins (ECM) [25]. Cells in the body are

surrounded by ECM, and cellular growth, proliferation, and differentiation are
regulated by ECM degradation and remodeling through MMPs [25]. MMPs
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are detected in the whole oviduct, and mostly in the magnum and uterus [1]. The
cells of the magnum and uterus are highly secretory in nature, which require the
proliferation of epithelium. The MMPs degrade the ECM surrounding the oviductal
epithelium and help in cellular migration, proliferation, and differentiation [25].
Different MMPs (MMP-2, -7, and -9) are actively expressed in the oviduct dur-

ing molting, while downregulated during the shift from immature to adult hens

[26, 27]. Expression of MMP-1 and -10 is highest in laying hens in comparison to
non-laying and molting hens (Sah et al., Unpublished). MMP-1 degrades interstitial
collagens (type I, II, and III). MMP-2 degrades type IV collagens and induces angio-
genesis. MMP-7 is also known as matrilysin which degrades casein, fibronectin,
elastin and proteoglycans. MMP-9 is a gelatinase that also provokes the formation of
new vasculatures [28]. MMP-10 is a stromelysin enzyme that can breakdown pro-
teoglycans and fibronectins. The various matrix degrading roles of aforementioned
MMPs ultimately ensures proper reproductive functions of the oviduct.

The solute carriers (SLCs) are another group of ubiquitous proteins found
throughout the chicken oviduct. The SLCs are specialized molecular transporting
proteins that are largely expressed on the plasma membrane. The expression of
more than dozen of SLCs is evident in the oviduct [1, 2]. Several SLCs transport
inorganic ions and amino acids in the magnum during albumen formation [29].
Some SLCs are mitochondrial carriers and are over-expressed in the uterus [19].
The SLCs are also upregulated at the uterovaginal junction to ensure the survival of
the chicken sperm during storage [30, 31].

4. Hormonal regulation of egg formation

Egg formation in the laying hen is an intricate process involving the interplay of
different molecules and hormones. Hormones are of cardinal significant in every
process of egg formation; from the development of the reproductive tract, ovula-
tion, albumen synthesis, eggshell formation, and finally to the oviposition of eggs.
Major hormones that play a crucial role in the egg formation in laying hens are
discussed below.

4.1 Role of gonadotropin-releasing hormone (GnRH) in egg formation

The GnRH in hens is released from the hypothalamic/portal system in response
to the photo-stimulation and rising concentration of the progesterone. Two chemi-
cal forms of the GnRH are present in the avian species: chicken GnRH-I (cGnRH-I)
and chicken GnRH-II (cGnRH-II) [32]. These two forms of the GnRH play different
roles in the avian species. GnRH-I is vital for stimulating synthesis and release of
anterior pituitary hormones, GnRH-II, on the other hand, is involved in mating and
courtship behavior [33]. GnRH in hens are regulated by catecholamine, vasotocin,
vasoactive intestinal peptide, neuropeptide Y and opioid peptides [34]. Recently,
we detected the GnRH receptor in the oviduct of laying hens; however, its func-
tional role in the egg formation is completely unknown.

4.2 Role of gonadotropins in egg formation

The gonadotropins; follicle-stimulating hormone (FSH) and luteinizing hor-
mone (LH) are produced at the anterior pituitary in response to the GnRH from
the hypothalamus. FSH in the hen is responsible for the recruitment and granulosa
cell development of the small follicles. FSH acts mainly on the granulosa layer of
the small yellow follicles, and the sixth (F6) to third (F3) largest follicles. It also
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stimulates progesterone production in granulosa cells from F6 to F3 follicles [35].
Sustained plasma concentration of the FSH remains throughout the ovulatory cycle
except for a small increase at around 12 h before ovulation [36]. The LH in hens,
unlike other mammalian species, does not luteinize the follicles, rather they are
involved in ovulation and steroidogenesis [37]. Plasma concentration of the LH
peaks at around 4-6 h before ovulation (coincide with the peak rise of progester-
one), whereas lowest plasma concentration of LH is observed at 11 h before ovula-
tion [38]. The primary target for the LH is larger preovulatory follicles.

4.3 Role of estrogen in egg formation

Estrogens are mainly produced by the theca cells of the small follicles. The high-
est plasma concentration of the estradiol occurs 4-6 h before ovulation although
some small rise in estrogen is also observed at 18-23 h before ovulation. Estrogen
plays a crucial role in the egg yolk formation by stimulating the avian liver to pro-
duce the yolk precursor, vitellogenin and very-low-density lipoprotein, the primary
source of yolk protein and lipid, respectively [39]. Estradiol also sensitizes hypo-
thalamus to the positive feedback effect of the progesterone. Besides the essential
role of estradiol for the growth, and development of the oviduct, it also regulates
calcium metabolism for the eggshell formation and development of secondary
sex characters. [37]. Albumen is mainly synthesized in the tubular gland cells in
the magnum and comprises mainly of ovalbumin, conalbumin, ovomucoid, and
lysozyme. Estrogen is found to be associated with the synthesis of these molecules
and thus, plays a crucial role in egg-white formation [40].

4.4 Role of progesterone in egg formation

Progesterone along with its cognate receptor regulates the female fertility
[41, 42]. Progesterone is mainly produced by the granulosa cells of the larger
follicles (F1-F3). The peak plasma concentration of the progesterone occurs 4-6 h
before ovulation [38]. During the time of preovulatory LH surge, only the largest
preovulatory follicles secrete progesterone. This increase in progesterone creates a
positive feedback response to the hypothalamus, which in turn increases the secre-
tion of GnRH into the hypothalamic-pituitary portal system producing the surge in
LH from the anterior pituitary. This LH causes rupture and release of yolk (ovum)
from the mature follicles (F1). Progesterone is also associated with the avidin
production, contraction of the myometrium and eggshell formation [41].

4.5 Role of androgens in egg formation

Androgen is produced in theca and granulosa cells of both small and large
follicles. Peak preovulatory concentration of testosterone occurs 6-10 h prior to
ovulation, whereas the highest concentration of the 5a-dihydrotestosterone occurs
6 h before ovulation [41]. Role of androgen in ovulation is still obscured. Androgen
is found to regulate ovomucoid and ovalbumin gene expressions in the oviduct of
the chicken [43]. Androgens also help in the development of the secondary sexual
characters in hens such as growth and coloring of combs and wattle.

5. Conclusion

In conclusion, hormones are required for the timely ovulation of yolk from
the ovary, and preparation of oviduct for egg formation. Gene expressions in the
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different segment of oviducts help in the cellular remodeling, secretion, synthesis
and transport of essential molecules for the egg formation. Understanding of this
information will be helpful in developing persistence layers with quality eggs.
Acknowledgements

This work was supported by a Start-up grant from CTAHR University of Hawaii
at Manoa, and USDA Hatch Multistate (2052R) to B.M.

Conflict of interest

The authors declare that there is no conflict of interest that could be perceived as
prejudicing the impartiality of these information.

Author details

Birendra Mishra*, Nirvay Sah and Sanjeev Wasti
Department of Human Nutrition Food and Animal Sciences, University of Hawaii
at Manoa, Honolulu, HI, USA

*Address all correspondence to: bmishra@hawaii.edu

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.



Poultry - An Advanced Learning

References

[1] Sah N, Mishra B. Regulation of egg
formation in the oviduct of laying

hen. World’s Poultry Science Journal.
2018;74:509-522

[2] Sah N, Kuehu DL, Khadka VS,
Deng Y, Peplowska K, Jha R, et al.
RNA sequencing-based analysis

of the laying hen uterus revealed

the novel genes and biological
pathways involved in the eggshell
biomineralization. Scientific reports.
2018;8:16853

[3] Réhault-Godbert S, Labas V, Helloin
E, Hervé-Grépinet V, Slugocki C,

Berges M, et al. Ovalbumin-related
protein X is a heparin-binding ov-serpin
exhibiting antimicrobial activities.

Journal of Biological Chemistry.
2013;288:17285-17295

[4] Baron F, Jan S, Gonnet F, Pasco M,
Jardin J, Giudici B, et al. Ovotransferrin
plays a major role in the strong
bactericidal effect of egg white against

the Bacillus cereus group. Journal of
Food Protection. 2014;77:955-962

[5] Giansanti F, Leboffe L, Antonini G.
Antiviral activity of lactoferrin and
ovotransferrin derived peptides towards
herpesviridae. In: Herpesviridae—A
Look Into This Unique Family of Viruses.
Vol. 2012. London, UK: IntechOpen;
2012. pp. 295-320

[6] Abeyrathne EDNS, Lee HY, Ahn
DU. Egg white proteins and their
potential use in food processing or
as nutraceutical and pharmaceutical
agents—a review. Poultry Science.

2013;92:3292-3299

[7] Tsuge Y, Shimoyamada M, Watanabe
K. Structural features of newcastle
disease virus- and anti-ovomucin
antibody-binding glycopeptides from
pronase-treated ovomucin. Journal

of Agricultural and Food Chemistry.
1997;45:2393-2398

[8] Kobayashi K, Hattori M, Hara-Kudo
Y, Okubo T, Yamamoto S, Takita T,

et al. Glycopeptide derived from hen
egg ovomucin has the ability to bind
enterohemorrhagic Escherichia coli
0157:H7. Journal of Agricultural and
Food Chemistry. 2004;52:5740-5746

[9] Palmiter RD. Regulation of

protein synthesis in chick oviduct

I. Independent regulation of ovalbumin,
conalrumin, ovomucoid, and lysozyme
induction. The Journal of Biological
Chemistry. 1972;247:6450-6461

[10] Zhao JP, Zhang Q, Jiao HC, Wang
X], Jiang MJ, Luo H, et al. Ovalbumin
expression in the oviduct magnum

of hens is related to the rate of egg
laying and shows distinct stress-type-
specific responses. Journal of Animal
Physiology and Animal Nutrition.
2016;100:876-883

[11] Abdel Mageed AM, Isobe N,
Yoshimura Y. Immunolocalization of
avian beta-defensins in the hen oviduct
and their changes in the uterus during
eggshell formation. Reproduction.

2009;138:971-978

[12] Kolaczkowska A, Kolaczkowski

M, Sokolowska A, Miecznikowska H,
Kubiak A, Rolka K, et al. The antifungal
properties of chicken egg cystatin
against Candida yeast isolates showing
different levels of azole resistance.
Mycoses. 2010;53:314-320

[13] White HB, Whitehead CC. Role of
avidin and other biotin-binding proteins
in the deposition and distribution of
biotin in chicken eggs. Discovery of

a new biotin-binding protein. The
Biochemical Journal. 1987;241:677-684

[14] Du J, Hincke MT, Rose-Martel

M, Hennequet-Antier C, Brionne A,
Cogburn LA, et al. Identifying specific
proteins involved in eggshell membrane
formation using gene expression



Genetic and Hormonal Regulation of Egg Formation in the Oviduct of Laying Hens

DOI: http://dx.doi.org/10.5772/intechopen.85011

analysis and bioinformatics. BMC
Genomics. 2015;16:1-13

[15] Wang X, Ford BC, Praul CA, Leach
RM. Collagen X expression in oviduct
tissue during the different stages of
the egg laying cycle. Poultry Science.
2002;81:805-808

[16] Harris ED, Blount JE, Leach
RM. Localization of lysyl oxidase in
hen oviduct: Implications in egg shell

membrane formation and composition.

Science. 1980;208:55-56

[17] Mann K. Proteomic analysis of
the chicken egg vitelline membrane.
Proteomics. 2008;8:2322-2332

[18] Jonchére V, Brionne A, Gautron

J, Nys Y. Identification of uterine

ion transporters for mineralisation
precursors of the avian eggshell. BMC
Physiology. 2012;12:10

[19] Brionne A, Nys 'Y, Hennequet-
Antier C, Gautron J. Hen uterine gene
expression profiling during eggshell
formation reveals putative proteins
involved in the supply of minerals or in
the shell mineralization process. BMC
Genomics. 2014;15:220

[20] Freeman CL, Harding JH, Quigley
D, Rodger PM. Structural control of
crystal nuclei by an eggshell protein.
Angewandte Chemie International
Edition. 2010;49:5135-5137

[21] Hincke MT, NysY, Gautron ], Mann
K, Rodriguez-Navarro AB, McKee

MD. The eggshell: Structure, composition

and mineralization. Frontiers in
Bioscience. 2012;17:1266-1280

[22] Cordeiro CMM, Esmaili H, Ansah
G, Hincke MT. Ovocalyxin-36 is a
pattern recognition protein in chicken
eggshell membranes. PLoS One.
2013;8:84112

[23] Hernandez-Hernandez A,
Gomez-Morales ], Rodriguez-Navarro

9

AB, Gautron ], NysY, Garcia-Ruiz

JM. Identification of some active
proteins in the process of hen eggshell
formation. Crystal Growth and Design.

2008;8:4330-4339

[24] Chien YC, Hincke MT, McKee
MD. Avian eggshell structure and
osteopontin. Cells, Tissues, Organs.
2008;189:38-43

[25] VuTH, Werb Z. Matrix
metalloproteinases: Effectors
of development and normal

physiology. Genes and Development.
2000;14:2123-2133

[26] Lesniak-Walentyn A, Hrabia

A. Expression and localization of
matrix metalloproteinases (MMP-2, -7,
-9) and their tissue inhibitors (TIMP-
2, -3) in the chicken oviduct during
maturation. Cell and Tissue Research.
2016;364:185-197

[27] Lesniak-Walentyn A, Hrabia

A. Involvement of matrix
metalloproteinases (MMP-2, -7, -9)
and their tissue inhibitors (TIMP-2,
-3) in the chicken oviduct regression

and recrudescence. Cell and Tissue
Research. 2016;366:443-454

[28] Bergers G, Brekken R, McMahon
G, VuTH, Itoh T, Tamaki K, et al.
Matrix metalloproteinase-9 triggers
the angiogenic switch during
carcinogenesis. Nature Cell Biology.
2000;2:737-744

[29] Lim W, Jeong W, Kim ], Ka H,
Bazer FW, HanJY, et al. Differential
expression of secreted phosphoprotein
1in response to estradiol-17beta

and in ovarian tumors in chickens.
Biochemical and Biophysical Research
Communications. 2012;422:494-500

[30] Atikuzzaman M, Alvarez-Rodriguez
M, Vicente-Carrillo A, Johnsson

M, Wright D, Rodriguez-Martinez

H. Conserved gene expression in sperm
reservoirs between birds and mammals



Poultry - An Advanced Learning

in response to mating. BMC Genomics.
2017;18:98

[31] Atikuzzaman M, Mehta BR,
Fogelholm J, Wright D, Rodriguez-
Martinez H. Mating induces

the expression of immune- and
pH-regulatory genes in the utero-
vaginal junction containing mucosal
sperm-storage tubuli of hens.
Reproduction. 2015;150:473-483

[32] Miyamoto K, Hasegawa Y, Nomura
M, Igarashi M, Kangawa K, Matsuo

H. Identification of the second
gonadotropin-releasing hormone in
chicken hypothalamus: Evidence that
gonadotropin secretion is probably
controlled by two distinct gonadotropin-
releasing hormones in avian species.
Proceedings of the National Academy of
Sciences. 1984;81:3874-3878

[33] Maney DL, Richardson RD,
Wingfield JC. Central administration
of chicken gonadotropin-releasing
hormone-II enhances courtship

behavior in a female sparrow. Hormones
and Behavior. 1997;32:11-18

[34] Ottinger MA, Bakst M.
Endocrinology of the avian reproductive
system. Journal of Avian Medicine and
Surgery. 1995;9:242-250

[35] Hammond RW, Burke WH,
Hertelendy F. Influence of follicular
maturation on progesterone release
in chicken granulosa cells in response
to turkey and ovine gonadotropins.
Biology of Reproduction.
1981;24:1048-1055

[36] Krishnan KA, Proudman JA,

Bolt DJ, Bahr JM. Development of

a homologous radioimmunoassay

for chicken follicle-stimulating
hormone and measurement of
plasma FSH during the ovulatory
cycle. Comparative Biochemistry and
Physiology. Comparative Physiology.
1993;105:729-734

10

[37] Etches R]. The ovulatory cycle of the
hen. Critical Reviews in Poultry Biology.
1990;2:293-318

[38] Johnson AL, Van Tienhoven

A. Plasma concentrations of six steroids
and LH during the ovulatory cycle

of the hen. Biology of Reproduction.
1980;23:386-393

[39] Redshaw MR, Follett BK. The
physiology of egg yolk production in the
hen. Egg Formation and Production.
1972;8:35-50

[40] Moran ET Jr. Protein requirement,
egg formation and the hen’s ovulatory
cycle. The Journal of Nutrition.
1987;117:612-618

[41] Johnson AL. Reproduction in the
female. In: Sturkie’s Avian Physiology.
6th ed. London, UK: Academic Press
(Elseveir); 2015. pp. 635-665

[42] Mishra B, Park JY, Wilson K, Jo

M. X-linked lymphocyte-regulated
gene-5¢ (XIr5c): A novel target and
mediator of the action of progesterone
receptor in rat periovulatory ovaries.

Molecular and Cellular Endocrinology.
2015;412:226-238

[43] Compere SJ, McKnight GS,
Palmiter RD. Androgens regulate
ovomucoid and ovalbumin gene
expression independently of estrogen.

Journal of Biological Chemistry.
2008;256:6341-6347



