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about the final stage of folliculogenesis during the follicular 
phase of the menstrual cycle (discussed later).

PHYSIOLOGY

Gonadotropin Receptors
Although the two gonadotropins act synergistically in the female, 
FSH acts primarily on the granulosa cells of the maturing antral 
follicle to stimulate follicular growth, whereas LH acts primar-
ily on the theca cells of these follicles to induce steroidogenesis. 
Binding to and activation of their respective receptors at the cell 
surface membrane represent the necessary first step in the hor-
monal function of both FSH and LH.

Gonadotropin receptors are transmembrane G protein-
coupled receptors, which possess seven membrane-spanning 
domains (Fig. 4.8). It is believed that the receptor molecule 
exists in a conformational equilibrium between active and 
inactive states, which is shifted by binding of LH or FSH. 
Upon binding to the gonadotropin, the receptor shifts con-
formation and mechanically activates the G protein, which 
detaches from the receptor and activates cyclic adenosine 
monophosphate (AMP) dependent protein kinases. These 
protein kinases are present as tetramers with two regulatory 
units and two catalytic units. Upon binding of cyclic AMP 
(cAMP) to the regulatory units, the catalytic units are released 
and initiate the phosphorylation of proteins, which bind to 

DNA in the cell nucleus, resulting in the activation of genes 
and leading to the physiologic action (Fig. 4.9).

Ovarian Steroids: Biosynthesis
One primary function of the ovary is the secretion of ovarian 
steroids, which occurs following binding of both FSH and LH 
to their respective receptors. The ovary secretes three primary 
hormones: estradiol (the primary estrogen), progesterone, and 
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cytoplasmic receptor is sequestered (hence in an “inactive” state) 
within a multiprotein inhibitory complex that includes heat 
shock proteins. Hormone binding leads to dissociation from 
the heat shock proteins. The lipophilic steroids freely diffuse 
across the nuclear membrane to bind to their cognate receptor. 
This binding leads to conformational changes that transform 
the receptor into an “activated” state, which allows it to bind 
to a hormone responsive element (HRE), the specific DNA-
binding site to which steroid receptors bind conferring hormone 
sensitivity within target gene promoters. Nuclear receptors can 
inhibit or enhance transcription by recruiting an array of co-
activator or co-repressor proteins to the transcription complex 
(Fig. 4.14) (Ellmann, 2009). mRNA is then generated from a 
segment of nuclear DNA in the process of transcription. Tran-
scription is the most important process regulated by steroid hor-
mones. All genes share a common basic design composed of a 
structural region in which the DNA encodes the specific amino 
acids of the protein and a regulatory region that interacts with 
various proteins to control the rate of transcription. Co-activa-
tors and co-repressors modify the chromatin state and recruit/
activate or hinder the basal transcriptional machinery. Members 
of the sarcoma (SRC) family of co-activators, including SRC-1,  
SRC-2, and SRC-3, and the nuclear receptor co-repressor 

(NCoR1), interact with both the estrogen and progesterone 
receptors (see Fig. 4.14) (Ellmann, 2009; Horwitz, 1996 ). The 
mRNA migrates into the cytoplasm, where it translates informa-
tion to ribosomes to synthesize the required new protein.

Several alternative receptor mechanisms besides the classic 
one outlined previously appear to exist. Some are plasma mem-
brane steroid signaling events that are mediated through various 
kinases and second messengers including cAMP. These are inde-
pendent of nuclear interactions and do not involve direct ste-
roid activation of gene transcription (nongenomic). As opposed 
to the longer time required by the genomic pathway (hours to 
days), these alternate mechanisms may be responsible for some 
of the rapid effects of steroids—for instance, as activated by the 
negative steroid feedback loop (discussed later), which occurs 
within minutes.

Members of the steroid receptor superfamily share amino acid 
homology and a common structure. They contain key structural 
elements that enable them to bind to their respective ligands with 
high affinity and specificity and to recognize and bind to discrete 
response elements within the DNA sequence of target genes with 
high affinity and specificity. For instance, estrogen receptors will 
bind natural and synthetic estrogens, but not androgens or pro-
gestins. The affinity of a receptor for a steroid also correlates with 
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steroid potency; for example, the estrogen receptor has a greater 
affinity for estradiol than for estrone and estriol, which are much 
less potent than estradiol. Overall, the magnitude of the signal 
to the cell and of the cell response to the steroid depends on the 
concentration of the hormone and of the receptors, as well as on 
the affinity of the receptor to the hormone.

In the human, there are actually two estrogen receptors, ER-α 
and ER-β, which are distinct receptor forms encoded by separate 
genes. There are also two forms of the progesterone receptor, 
but these are isoforms (differing only by minor structural differ-
ences), which are encoded by the same gene.

OVARIAN-HYPOTHALAMIC-PITUITARY 
FEEDBACK LOOPS

FSH and LH act on the ovaries to induce morphologic changes 
and ovarian steroid secretion. Morphologic processes include fol-
liculogenesis (i.e., the cyclic recruitment of a pool of follicles to 
produce a mature follicle ready for ovulation) and the formation 
of a corpus luteum. These processes occur in sequence, confer-
ring a monthly rhythm to the reproductive cycle. Granulosa and 
theca cells within the follicle and luteal cells respond to LH by 
synthesizing and releasing ovarian steroids, mainly estradiol-17β 
and progesterone. The type and amount of hormone released 
depend on the status of the follicle and the corpus luteum (see 
Menstrual Cycle, presented later).

Feedback communication between the ovaries and the hypo-
thalamic-pituitary unit is an essential component to the physiol-
ogy of the reproductive cycle. It is important for the brain and 
pituitary gland to modulate their secretion in response to the 
minute-to-minute activity status of the ovary. Through their 
receptors, both in various areas of the hypothalamus and in the 
anterior pituitary gland, the two ovarian steroids, estradiol and 
progesterone, play a major role in these feedback communica-
tions. More recent evidence shows that several nonsteroidal 
compounds are also involved in these feedbacks.

Negative Steroid Feedback Loop
As in other endocrine systems, the major ovarian to brain/pitu-
itary feedback loop is inhibitory (the negative feedback loop), 
whereby the steroid secreted by the target organ (the ovary) regu-
lates the hypothalamic-hypophyseal unit to adjust GnRH and 
gonadotropin secretion appropriately (Fig. 4.15).

Estradiol-17β is a potent physiologic inhibitor of GnRH 
and of gonadotropin secretion. The threshold for the negative 
feedback action of estradiol is such that even small increases in 
the levels of the hormone induce a decrease in gonadotropins. 
Levels of LH and FSH during the follicular phase vary in accord 
with the changes in estradiol concentrations that accompany 
maturation of the follicle. Thus as circulating estradiol levels 
increase during the follicular phase, gonadotropin concentra-
tions decrease. In postmenopausal women or women who have 
undergone ovariectomy or have aromatase enzyme deficiency, 
all of whom lack estradiol secretion, sustained increases in LH 
and FSH release occur because of the absence of an active nega-
tive feedback loop. In these conditions, administration of physi-
ologic doses of estradiol results in a rapid and sustained decrease 
in LH and FSH to levels equivalent to those seen during the 
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Figure 4.14 A connections map for the human estrogen recep-
tor (ER). The ER interacts with a large number of proteins that can 
either positively or negatively regulate target gene transcription. ERα 
cofactors interact with different target proteins linking the receptor 
to other signal transduction pathways. Some of the key connec-
tions that positively (+) or negatively (−) regulate ERα transcriptional 
activity are shown. (From McDonnell DP, Norris JD. Connections 
and regulation of the human estrogen receptor. Science. 2002; 
296:1642-1644.)

Figure 4.15 The rapidly acting negative feedback loop of steroids 
on GnRH and both gonadotropins release is supplemented by a 
slower-acting negative feedback loop by the inhibins. (From Hylka 
VW, di Zerega GS. Reproductive hormones and their mechanisms of 
action. In: Mishell DR Jr, Davajan V, Lobo RA, eds. Infertility, Con-
traception and Reproductive Endocrinology. 3rd ed. Cambridge, MA: 
Blackwell Scientific; 1991.)
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Human endometrium (the glandular part of the uterus) is 
made up of two major layers: (1) the stratum basale, which lies 
on top of the myometrium (the muscle part of the uterus), con-
sists of primordial glands and densely cellular stroma, which 
change little during the menstrual cycle and do not desquamate 
at menstruation; and (2) the stratum functionale, which lies 
between the basale and the lumen of the uterus, is composed 
of two layers. The superficial layer (stratum compactum) con-
sists of the neck of the glands and densely populated stromal 
cells. The lower layer (stratum spongiosum) consists primarily 
of glands with less populated stroma and large amounts of inter-
stitial tissue. Differences in structure in the two layers reflect 
different biologic functions: whereas the upper layer serves as 
the site of blastocyst implantation and provides the metabolic 
environment for it, the lower layer maintains the integrity of the 
mucosa. Changes in hormones during the menstrual cycle affect 
mainly the stratum functionale. A diagrammatic representation 
of endometrial changes during the menstrual cycle is presented 
in Figure 4.25.

ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE

Immediately after menstruation, the endometrium is only 1 to 
2 mm thick and consists mainly of the stratum basale and a few 
glands. As estradiol levels increase with the growth and matu-
ration of the dominant follicle, the number of estradiol recep-
tors in the endometrium increases and the stratum functionale 
proliferates greatly by multiplication of both glandular and 
stromal cells. Synthesis of DNA is increased, and mitoses are 
numerous. Toward the late follicular phase, the straight glands 
become progressively more voluminous and tortuous. At the 
time of onset of the LH surge and before ovulation, subnuclear 

vacuoles appear at the base of the cells lining the glands. This is 
the first indication of an effect by progesterone, reflecting the 
small but significant increase in progesterone seen at that time. 
Sonography during the follicular phase shows that endometrial 
thickness, including both anterior and posterior layers, increases 
from a mean of about 4 mm in the early follicular phase to about 
12 mm at the time of ovulation. Examples of structural changes 
of the endometrium during the menstrual cycle are shown in 
Figure 4.26.

ENDOMETRIUM IN THE SECRETORY  
(LUTEAL) PHASE

After ovulation, the proliferative endometrium undergoes a rapid 
secretory differentiation: well-developed subnuclear glycogen-
rich vacuoles appear in every cell of a given gland. This correlates 
with a total lack of mitoses in all glands. Both effects can be 
attributed to rising levels of postovulatory progesterone. Proges-
terone antagonizes the mitotic action of estradiol by decreasing 
estrogen receptors and by increasing the progesterone-specific 
enzyme 17 β-hydroxydehydrogenase, which converts estradiol 
into the much less active estrone.

As progesterone levels increase during the first part of the 
luteal phase, the glycogen-containing vacuoles ascend progres-
sively toward the gland lumen. Soon thereafter, the contents of 
the glands are released into the endometrial lumen. The peak 
of intraglandular content and its release into the lumen coin-
cides well with the arrival of the free-floating blastocyst, which 
reaches the uterine cavity by about 3.5 days after fertilization. 
This release of glycogen-rich nutrients is crucial in that it pro-
vides energy to the energy-starved free-floating blastocyst.

Appropriately timed exposure to estrogen and progester-
one alters gene transcription in the endometrium resulting 
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Figure 4.25 Diagram of changes in normal human ovarian and endometrial cycles. (From Shaw ST, 
Roche PC. Menstruation. In: Finn CA, ed. Oxford Review of Reproductive Endocrinology. vol 2. London: 
Oxford University Press; 1980.)
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steroid potency; for example, the estrogen receptor has a greater 
affinity for estradiol than for estrone and estriol, which are much 
less potent than estradiol. Overall, the magnitude of the signal 
to the cell and of the cell response to the steroid depends on the 
concentration of the hormone and of the receptors, as well as on 
the affinity of the receptor to the hormone.

In the human, there are actually two estrogen receptors, ER-α 
and ER-β, which are distinct receptor forms encoded by separate 
genes. There are also two forms of the progesterone receptor, 
but these are isoforms (differing only by minor structural differ-
ences), which are encoded by the same gene.

OVARIAN-HYPOTHALAMIC-PITUITARY 
FEEDBACK LOOPS

FSH and LH act on the ovaries to induce morphologic changes 
and ovarian steroid secretion. Morphologic processes include fol-
liculogenesis (i.e., the cyclic recruitment of a pool of follicles to 
produce a mature follicle ready for ovulation) and the formation 
of a corpus luteum. These processes occur in sequence, confer-
ring a monthly rhythm to the reproductive cycle. Granulosa and 
theca cells within the follicle and luteal cells respond to LH by 
synthesizing and releasing ovarian steroids, mainly estradiol-17β 
and progesterone. The type and amount of hormone released 
depend on the status of the follicle and the corpus luteum (see 
Menstrual Cycle, presented later).

Feedback communication between the ovaries and the hypo-
thalamic-pituitary unit is an essential component to the physiol-
ogy of the reproductive cycle. It is important for the brain and 
pituitary gland to modulate their secretion in response to the 
minute-to-minute activity status of the ovary. Through their 
receptors, both in various areas of the hypothalamus and in the 
anterior pituitary gland, the two ovarian steroids, estradiol and 
progesterone, play a major role in these feedback communica-
tions. More recent evidence shows that several nonsteroidal 
compounds are also involved in these feedbacks.

Negative Steroid Feedback Loop
As in other endocrine systems, the major ovarian to brain/pitu-
itary feedback loop is inhibitory (the negative feedback loop), 
whereby the steroid secreted by the target organ (the ovary) regu-
lates the hypothalamic-hypophyseal unit to adjust GnRH and 
gonadotropin secretion appropriately (Fig. 4.15).

Estradiol-17β is a potent physiologic inhibitor of GnRH 
and of gonadotropin secretion. The threshold for the negative 
feedback action of estradiol is such that even small increases in 
the levels of the hormone induce a decrease in gonadotropins. 
Levels of LH and FSH during the follicular phase vary in accord 
with the changes in estradiol concentrations that accompany 
maturation of the follicle. Thus as circulating estradiol levels 
increase during the follicular phase, gonadotropin concentra-
tions decrease. In postmenopausal women or women who have 
undergone ovariectomy or have aromatase enzyme deficiency, 
all of whom lack estradiol secretion, sustained increases in LH 
and FSH release occur because of the absence of an active nega-
tive feedback loop. In these conditions, administration of physi-
ologic doses of estradiol results in a rapid and sustained decrease 
in LH and FSH to levels equivalent to those seen during the 
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Figure 4.14 A connections map for the human estrogen recep-
tor (ER). The ER interacts with a large number of proteins that can 
either positively or negatively regulate target gene transcription. ERα�
�������������������������� ff�������������������������������������������
������������������������������������������������������������� �
����������������������������������������� −������������� α�����������������
���������������������������������������������������������������
����������������������������������������������� Science. 2002; 
296:1642-1644.)

Figure 4.15 The rapidly acting negative feedback loop of steroids 
on GnRH and both gonadotropins release is supplemented by a 
slower-acting negative feedback loop by the inhibins. (From Hylka 
VW, di Zerega GS. Reproductive hormones and their mechanisms of 
action. In: Mishell DR Jr, Davajan V, Lobo RA, eds. Infertility, Con-
traception and Reproductive Endocrinology. 3rd ed. Cambridge, MA: 
Blackwell Scientific; 1991.)
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Human endometrium (the glandular part of the uterus) is 
made up of two major layers: (1) the stratum basale, which lies 
on top of the myometrium (the muscle part of the uterus), con-
sists of primordial glands and densely cellular stroma, which 
change little during the menstrual cycle and do not desquamate 
at menstruation; and (2) the stratum functionale, which lies 
between the basale and the lumen of the uterus, is composed 
of two layers. The superficial layer (stratum compactum) con-
sists of the neck of the glands and densely populated stromal 
cells. The lower layer (stratum spongiosum) consists primarily 
of glands with less populated stroma and large amounts of inter-
stitial tissue. Differences in structure in the two layers reflect 
different biologic functions: whereas the upper layer serves as 
the site of blastocyst implantation and provides the metabolic 
environment for it, the lower layer maintains the integrity of the 
mucosa. Changes in hormones during the menstrual cycle affect 
mainly the stratum functionale. A diagrammatic representation 
of endometrial changes during the menstrual cycle is presented 
in Figure 4.25.

ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE

Immediately after menstruation, the endometrium is only 1 to 
2 mm thick and consists mainly of the stratum basale and a few 
glands. As estradiol levels increase with the growth and matu-
ration of the dominant follicle, the number of estradiol recep-
tors in the endometrium increases and the stratum functionale 
proliferates greatly by multiplication of both glandular and 
stromal cells. Synthesis of DNA is increased, and mitoses are 
numerous. Toward the late follicular phase, the straight glands 
become progressively more voluminous and tortuous. At the 
time of onset of the LH surge and before ovulation, subnuclear 

vacuoles appear at the base of the cells lining the glands. This is 
the first indication of an effect by progesterone, reflecting the 
small but significant increase in progesterone seen at that time. 
Sonography during the follicular phase shows that endometrial 
thickness, including both anterior and posterior layers, increases 
from a mean of about 4 mm in the early follicular phase to about 
12 mm at the time of ovulation. Examples of structural changes 
of the endometrium during the menstrual cycle are shown in 
Figure 4.26.

ENDOMETRIUM IN THE SECRETORY  
(LUTEAL) PHASE

After ovulation, the proliferative endometrium undergoes a rapid 
secretory differentiation: well-developed subnuclear glycogen-
rich vacuoles appear in every cell of a given gland. This correlates 
with a total lack of mitoses in all glands. Both effects can be 
attributed to rising levels of postovulatory progesterone. Proges-
terone antagonizes the mitotic action of estradiol by decreasing 
estrogen receptors and by increasing the progesterone-specific 
enzyme 17 β-hydroxydehydrogenase, which converts estradiol 
into the much less active estrone.

As progesterone levels increase during the first part of the 
luteal phase, the glycogen-containing vacuoles ascend progres-
sively toward the gland lumen. Soon thereafter, the contents of 
the glands are released into the endometrial lumen. The peak 
of intraglandular content and its release into the lumen coin-
cides well with the arrival of the free-floating blastocyst, which 
reaches the uterine cavity by about 3.5 days after fertilization. 
This release of glycogen-rich nutrients is crucial in that it pro-
vides energy to the energy-starved free-floating blastocyst.

Appropriately timed exposure to estrogen and progester-
one alters gene transcription in the endometrium resulting 
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Figure 4.25 Diagram of changes in normal human ovarian and endometrial cycles. (From Shaw ST, 
Roche PC. Menstruation. In: Finn CA, ed. Oxford Review of Reproductive Endocrinology. vol 2. London: 
Oxford University Press; 1980.)
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steroid potency; for example, the estrogen receptor has a greater 
affinity for estradiol than for estrone and estriol, which are much 
less potent than estradiol. Overall, the magnitude of the signal 
to the cell and of the cell response to the steroid depends on the 
concentration of the hormone and of the receptors, as well as on 
the affinity of the receptor to the hormone.

In the human, there are actually two estrogen receptors, ER-α 
and ER-β, which are distinct receptor forms encoded by separate 
genes. There are also two forms of the progesterone receptor, 
but these are isoforms (differing only by minor structural differ-
ences), which are encoded by the same gene.

OVARIAN-HYPOTHALAMIC-PITUITARY 
FEEDBACK LOOPS

FSH and LH act on the ovaries to induce morphologic changes 
and ovarian steroid secretion. Morphologic processes include fol-
liculogenesis (i.e., the cyclic recruitment of a pool of follicles to 
produce a mature follicle ready for ovulation) and the formation 
of a corpus luteum. These processes occur in sequence, confer-
ring a monthly rhythm to the reproductive cycle. Granulosa and 
theca cells within the follicle and luteal cells respond to LH by 
synthesizing and releasing ovarian steroids, mainly estradiol-17β 
and progesterone. The type and amount of hormone released 
depend on the status of the follicle and the corpus luteum (see 
Menstrual Cycle, presented later).

Feedback communication between the ovaries and the hypo-
thalamic-pituitary unit is an essential component to the physiol-
ogy of the reproductive cycle. It is important for the brain and 
pituitary gland to modulate their secretion in response to the 
minute-to-minute activity status of the ovary. Through their 
receptors, both in various areas of the hypothalamus and in the 
anterior pituitary gland, the two ovarian steroids, estradiol and 
progesterone, play a major role in these feedback communica-
tions. More recent evidence shows that several nonsteroidal 
compounds are also involved in these feedbacks.

Negative Steroid Feedback Loop
As in other endocrine systems, the major ovarian to brain/pitu-
itary feedback loop is inhibitory (the negative feedback loop), 
whereby the steroid secreted by the target organ (the ovary) regu-
lates the hypothalamic-hypophyseal unit to adjust GnRH and 
gonadotropin secretion appropriately (Fig. 4.15).

Estradiol-17β is a potent physiologic inhibitor of GnRH 
and of gonadotropin secretion. The threshold for the negative 
feedback action of estradiol is such that even small increases in 
the levels of the hormone induce a decrease in gonadotropins. 
Levels of LH and FSH during the follicular phase vary in accord 
with the changes in estradiol concentrations that accompany 
maturation of the follicle. Thus as circulating estradiol levels 
increase during the follicular phase, gonadotropin concentra-
tions decrease. In postmenopausal women or women who have 
undergone ovariectomy or have aromatase enzyme deficiency, 
all of whom lack estradiol secretion, sustained increases in LH 
and FSH release occur because of the absence of an active nega-
tive feedback loop. In these conditions, administration of physi-
ologic doses of estradiol results in a rapid and sustained decrease 
in LH and FSH to levels equivalent to those seen during the 
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Figure 4.14 A connections map for the human estrogen recep-
tor (ER). The ER interacts with a large number of proteins that can 
either positively or negatively regulate target gene transcription. ERα�
�������������������������� ff�������������������������������������������
������������������������������������������������������������� �
����������������������������������������� −������������� α�����������������
���������������������������������������������������������������
����������������������������������������������� Science. 2002; 
296:1642-1644.)

Figure 4.15 The rapidly acting negative feedback loop of steroids 
on GnRH and both gonadotropins release is supplemented by a 
slower-acting negative feedback loop by the inhibins. (From Hylka 
VW, di Zerega GS. Reproductive hormones and their mechanisms of 
action. In: Mishell DR Jr, Davajan V, Lobo RA, eds. Infertility, Con-
traception and Reproductive Endocrinology. 3rd ed. Cambridge, MA: 
Blackwell Scientific; 1991.)
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MENSTRUAL CYCLE

Ovarian cycle

¡ Follicular 
Phase

¡ ovulation

¡ Luteal Phase

Endometrial cycle

¡ Proliferative 
phase

¡ Secretory Phase

Menstrual Phase

4 Reproductive Endocrinology 101

Human endometrium (the glandular part of the uterus) is 
made up of two major layers: (1) the stratum basale, which lies 
on top of the myometrium (the muscle part of the uterus), con-
sists of primordial glands and densely cellular stroma, which 
change little during the menstrual cycle and do not desquamate 
at menstruation; and (2) the stratum functionale, which lies 
between the basale and the lumen of the uterus, is composed 
of two layers. The superficial layer (stratum compactum) con-
sists of the neck of the glands and densely populated stromal 
cells. The lower layer (stratum spongiosum) consists primarily 
of glands with less populated stroma and large amounts of inter-
stitial tissue. Differences in structure in the two layers reflect 
different biologic functions: whereas the upper layer serves as 
the site of blastocyst implantation and provides the metabolic 
environment for it, the lower layer maintains the integrity of the 
mucosa. Changes in hormones during the menstrual cycle affect 
mainly the stratum functionale. A diagrammatic representation 
of endometrial changes during the menstrual cycle is presented 
in Figure 4.25.

ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE

Immediately after menstruation, the endometrium is only 1 to 
2 mm thick and consists mainly of the stratum basale and a few 
glands. As estradiol levels increase with the growth and matu-
ration of the dominant follicle, the number of estradiol recep-
tors in the endometrium increases and the stratum functionale 
proliferates greatly by multiplication of both glandular and 
stromal cells. Synthesis of DNA is increased, and mitoses are 
numerous. Toward the late follicular phase, the straight glands 
become progressively more voluminous and tortuous. At the 
time of onset of the LH surge and before ovulation, subnuclear 

vacuoles appear at the base of the cells lining the glands. This is 
the first indication of an effect by progesterone, reflecting the 
small but significant increase in progesterone seen at that time. 
Sonography during the follicular phase shows that endometrial 
thickness, including both anterior and posterior layers, increases 
from a mean of about 4 mm in the early follicular phase to about 
12 mm at the time of ovulation. Examples of structural changes 
of the endometrium during the menstrual cycle are shown in 
Figure 4.26.

ENDOMETRIUM IN THE SECRETORY  
(LUTEAL) PHASE

After ovulation, the proliferative endometrium undergoes a rapid 
secretory differentiation: well-developed subnuclear glycogen-
rich vacuoles appear in every cell of a given gland. This correlates 
with a total lack of mitoses in all glands. Both effects can be 
attributed to rising levels of postovulatory progesterone. Proges-
terone antagonizes the mitotic action of estradiol by decreasing 
estrogen receptors and by increasing the progesterone-specific 
enzyme 17 β-hydroxydehydrogenase, which converts estradiol 
into the much less active estrone.

As progesterone levels increase during the first part of the 
luteal phase, the glycogen-containing vacuoles ascend progres-
sively toward the gland lumen. Soon thereafter, the contents of 
the glands are released into the endometrial lumen. The peak 
of intraglandular content and its release into the lumen coin-
cides well with the arrival of the free-floating blastocyst, which 
reaches the uterine cavity by about 3.5 days after fertilization. 
This release of glycogen-rich nutrients is crucial in that it pro-
vides energy to the energy-starved free-floating blastocyst.

Appropriately timed exposure to estrogen and progester-
one alters gene transcription in the endometrium resulting 
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Figure 4.25 Diagram of changes in normal human ovarian and endometrial cycles. (From Shaw ST, 
Roche PC. Menstruation. In: Finn CA, ed. Oxford Review of Reproductive Endocrinology. vol 2. London: 
Oxford University Press; 1980.)
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MENSTRUAL CYCLE:  NUMBERS TO REMEMBER

¡ mean duration of the menstrual cycle is 28 ± 7 days. 

¡ length of the follicular phase is more variable, 

¡ Length of luteal/secretory phase: 14 days ( corresponds to the life span of the 
corpus luteum)

¡ Mean age of menarche:  approx age 12

¡ Mean age of  menopause:  ages 45 - 55

¡ Menstrual cycle length is most variable in the 2 years following menarche and 
preceding menopause (times of life during which anovulatory cycles are most 
frequent)

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



4 Reproductive Endocrinology 101

Human endometrium (the glandular part of the uterus) is 
made up of two major layers: (1) the stratum basale, which lies 
on top of the myometrium (the muscle part of the uterus), con-
sists of primordial glands and densely cellular stroma, which 
change little during the menstrual cycle and do not desquamate 
at menstruation; and (2) the stratum functionale, which lies 
between the basale and the lumen of the uterus, is composed 
of two layers. The superficial layer (stratum compactum) con-
sists of the neck of the glands and densely populated stromal 
cells. The lower layer (stratum spongiosum) consists primarily 
of glands with less populated stroma and large amounts of inter-
stitial tissue. Differences in structure in the two layers reflect 
different biologic functions: whereas the upper layer serves as 
the site of blastocyst implantation and provides the metabolic 
environment for it, the lower layer maintains the integrity of the 
mucosa. Changes in hormones during the menstrual cycle affect 
mainly the stratum functionale. A diagrammatic representation 
of endometrial changes during the menstrual cycle is presented 
in Figure 4.25.

ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE

Immediately after menstruation, the endometrium is only 1 to 
2 mm thick and consists mainly of the stratum basale and a few 
glands. As estradiol levels increase with the growth and matu-
ration of the dominant follicle, the number of estradiol recep-
tors in the endometrium increases and the stratum functionale 
proliferates greatly by multiplication of both glandular and 
stromal cells. Synthesis of DNA is increased, and mitoses are 
numerous. Toward the late follicular phase, the straight glands 
become progressively more voluminous and tortuous. At the 
time of onset of the LH surge and before ovulation, subnuclear 

vacuoles appear at the base of the cells lining the glands. This is 
the first indication of an effect by progesterone, reflecting the 
small but significant increase in progesterone seen at that time. 
Sonography during the follicular phase shows that endometrial 
thickness, including both anterior and posterior layers, increases 
from a mean of about 4 mm in the early follicular phase to about 
12 mm at the time of ovulation. Examples of structural changes 
of the endometrium during the menstrual cycle are shown in 
Figure 4.26.

ENDOMETRIUM IN THE SECRETORY  
(LUTEAL) PHASE

After ovulation, the proliferative endometrium undergoes a rapid 
secretory differentiation: well-developed subnuclear glycogen-
rich vacuoles appear in every cell of a given gland. This correlates 
with a total lack of mitoses in all glands. Both effects can be 
attributed to rising levels of postovulatory progesterone. Proges-
terone antagonizes the mitotic action of estradiol by decreasing 
estrogen receptors and by increasing the progesterone-specific 
enzyme 17 β-hydroxydehydrogenase, which converts estradiol 
into the much less active estrone.

As progesterone levels increase during the first part of the 
luteal phase, the glycogen-containing vacuoles ascend progres-
sively toward the gland lumen. Soon thereafter, the contents of 
the glands are released into the endometrial lumen. The peak 
of intraglandular content and its release into the lumen coin-
cides well with the arrival of the free-floating blastocyst, which 
reaches the uterine cavity by about 3.5 days after fertilization. 
This release of glycogen-rich nutrients is crucial in that it pro-
vides energy to the energy-starved free-floating blastocyst.

Appropriately timed exposure to estrogen and progester-
one alters gene transcription in the endometrium resulting 

Ostrogen

Follicular
growth

Ovulation Mature corpus
luteum

Corpus
luteum

involution

Progesterone

Period
of regression

Period
of regression

Period
of

rest

First
growth
period

Second growth period

Premenstrual
phase

Menstrual
phase

Menstrual
phase

Postmenstrual
phase

Bleeding
1 5 1 514 24 28

BleedingProliferative, follicular,
or ostrogenic phase

Secretory, luteal,
or progestational phase

Pr
e-

m
en

str
ua

l
inv

olu
tio

n
Isc

ha
em

ia

Figure 4.25 Diagram of changes in normal human ovarian and endometrial cycles. (From Shaw ST, 
Roche PC. Menstruation. In: Finn CA, ed. Oxford Review of Reproductive Endocrinology. vol 2. London: 
Oxford University Press; 1980.)
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FOLLICULAR PHASE 

¡ subdivided into 3 periods:

1. denote the successive recruitment 
of a cohort of antral follicles

2. the selection of a dominant follicle

3. growth of the selected dominant 
follicle. 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology 7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



FOLLICULAR PHASE 

1. Recruitment of a Cohort of Antral 
Follicles 

¡ FSH provides the critical signal for the 
recruitment of a cohort of preantral
follicles (cyclic recruitment)

¡ FSH signal is the major survival factor that 
rescues the follicles from their 
programmed death (atresia) and allows 
them to start growing, increasing in size 
and beginning to synthesize steroids. 

3-7 secondary preantral follicles

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



FOLLICULAR PHASE 

1. Recruitment of a Cohort of Antral 
Follicles 

¡ Ovarian reserve :  number of antral 
follicles in the ovaries which determines the 
capacity of the ovary to provide oocytes that 
are capable of being fertilized. à important 
tool in the treatment of infertility. 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



FOLLICULAR PHASE 

¡ Ovarian reserve can be assessed by the following means: 

a. FSH on day 2 to 3 of the cycle: higher FSH levels denote ovarian 
aging (resulting from a decreased activity of the estradiol negative 
feedback loop), hence fewer recruitable follicles; 

b. sonographic antral follicle count (AFC)

c. inhibin B on day 2 to 3 of the cycle

d. anti-mu ̈llerian hormone (AMH) (also named müllerian inhibiting 
substance [MIS]). 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



FOLLICULAR PHASE 

2.Selection of a Dominant 
Follicle 

¡ usually only one                  
(the dominant follicle) is 
selected from the COHORT to 
complete growth to maturity, 
while the other follicles in the 
cohort become atretic. 

Dominant follicle selection: “survival of the fittest”

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



FOLLICULAR PHASE 

¡ How/Why was the “dominant 
follicle” selected?

a. characterized by a well-vascularized 
theca layer àallowing a better 
access of the gonadotropins to 
their target receptors 
(preferential delivery of FSH and 
LDL substrate.)

b. More FSH receptors

Dominant follicle selection: “survival of the fittest”

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)
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FOLLICULAR PHASE 

3. Growth of the Dominant Follicle: The Maturing Secondary or Antral 
Follicle

¡ Maximum GnRH pulse frequency at this time of the follicular phase 
(1 GnRH pulse/90 minutes) à optimal pulse frequency to activate the 
proper gonadotropin response to increase steroid biosynthesis and the 
production of estradiol within the ovary. 

¡ Main role of the gonadotropins and of locally produced estradiol is to 
continue to stimulate growth of the dominant follicle during the 
remainder of the follicular phase. Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive

Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



FOLLICULAR PHASE 

3. Growth of the Dominant Follicle: The 
Maturing Secondary or Antral Follicle

¡ An important change in the structure of 
maturing follicles is the acquisition of the 
theca cell layer, which surrounds the 
granulosa layer and rapidly differentiates into 
the theca interna and the theca externa. 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)
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At the same time, elevation of peripheral estradiol levels 
will activate the negative estradiol feedback loop and result in 
a decrease in circulating FSH to a concentration insufficient to 
sustain growth in the other follicles of the cohort. Experimen-
tally in the nonhuman primate, this process can be overridden 
by injecting antibodies to estradiol; this prevents the estradiol 
negative feedback loop from decreasing FSH secretion and 
results in the maturation of several follicles at the same time. In 
addition to estradiol, granulosa cells of the recruited follicles also 
secrete inhibin B (discussed earlier), the action of which selec-
tively suppresses FSH secretion, further decreasing the stimu-
lus to maturation. The dominant follicle, however, continues to 
grow because of its greater density of FSH receptors and greater 
vascularization of its theca cell layer, allowing more FSH to reach 
its receptors.

The process of selection is completed by day 5 of the follicular 
phase. At this point, if the dominant follicle is experimentally 
destroyed, no surrogate follicle is available to replace it during 
that cycle.

Growth of the Dominant Follicle: The Maturing 
Secondary or Antral Follicle
GnRH pulse frequency at this time of the follicular phase is at its 
maximum, at about 1 GnRH pulse/90 minutes (Fig. 4.21, A). This 
is the optimal pulse frequency to activate the proper gonadotro-
pin response to increase steroid biosynthesis and the production 
of estradiol within the ovary. The main role of the gonadotro-
pins and of locally produced estradiol is to continue to stimu-
late growth of the dominant follicle during the remainder of the 
 follicular phase.

Production of estradiol requires successive events within 
different locations in the growing follicle (Fig. 4.22). FSH 
 receptors are located within the avascular granulosa cell layer 
of the antral follicle. Stimulation by FSH of its receptors acti-
vates production of the enzyme aromatase (responsible for 
the biosynthesis of estrogens) within these cells. An important 
change in the structure of maturing follicles is the acquisition 
of the theca cell layer, which surrounds the granulosa layer 
and rapidly differentiates into the theca interna and the theca 
externa. The theca layer rapidly becomes well vascularized 
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and volume parallel the increase in estradiol levels in blood. 
At maturation, the dominant follicle reaches a mean diameter 
range of 18 to 25 mm.

Within the dominant follicle, the oocyte also develops and 
becomes surrounded by the zona pellucida. This is a muco-
polysaccharide coat containing specific protein sites that later 
will allow only spermatozoa to penetrate and fertilize the 
ovum. Underneath the zona pellucida is the vitelline mem-
brane that surrounds the ooplasm. At the end of the follicular 
phase, the antral follicle contains oocytes that are fully grown 
but are unable to undergo normal activation if retrieved and 
fertilized in vitro. Activation will have to await the ovulatory 
LH surge.

OVULATORY GONADOTROPIN SURGE  
AND OVULATION

Maturation of the dominant follicle is marked by high blood lev-
els of estradiol. When a threshold is reached, estradiol activates 
the positive feedback loop, thereby signaling to the hypothala-
mus and anterior pituitary gland that the follicle is ready for ovu-
lation and that a large gonadotropin surge is to be released (see 
Fig. 4.17). (A small but significant increase in progesterone is 
also secreted by the follicle before the LH surge; because admin-
istration of a progesterone receptor antagonist delays the timing 
of the surge, it is thought that these low levels of progesterone 
help to synchronize the surge.)

In the nonhuman primate, the gonadotropin surge has been 
shown to be preceded by a surge of GnRH, as measured cen-
trally, suggesting a major hypothalamic site for the positive 
feedback loop. For reasons unknown, this GnRH surge signifi-
cantly outlasts the LH surge. Because GnRH cannot be mea-
sured in the human in peripheral blood, the relative importance 
of the sites of action of estradiol during the spontaneous surge 
remains to be established. (Studies in GnRH-deficient women 
receiving exogenous GnRH replacement in an unchanging 
60-minute pulse frequency provide evidence for the relevance 
of pituitary sensitization to GnRH in the presence of high estra-
diol, as abrupt LH increases can be observed under this experi-
mental protocol.)

During the ovulatory surge, LH levels increase 10-fold over a 
period of 2 to 3 days, whereas FSH levels increase about 4-fold. 
This gonadotropin surge is an absolute requirement for the final 
maturation of the oocyte and the initiation of the follicular rupture.

The LH surge initiates germinal vesicle (or nucleus) dis-
ruption, and the fully grown oocyte resumes meiosis (meiotic 
maturation). Thus it progresses from the diplotene stage of 
the first meiosis (which was initiated during fetal life; discussed 
earlier) to metaphase II of the second meiotic division. As the 
oocyte enters metaphase II, the first polar body appears. (Three 
haploid polar bodies are produced during the two-step meiosis 
process, at ovulation and fertilization.) To conserve nutrients, 
most of the cytoplasm is concentrated into the oocyte or egg. 
The polar bodies generated from the meiotic events contain 
relatively little cytoplasm, and the oocyte eventually discards 
them. At ovulation, meiosis is arrested again (the second mei-
otic arrest). The second meiotic division will only be com-
pleted at the time of fertilization. The oocyte’s ability to be 
fertilized coincides with the completion of meiotic maturation 
and the associated increased secretion of specific proteins such 
as the IP3 receptor, glutathione and calmodulin-dependent 
protein kinase II, and others.

Ovulation (follicle rupture) occurs about 32 hours after 
the initial rise of the LH surge and about 16 hours after its 
peak (Table 4.1). Ultrasonographic pictures of ovaries with 
antral follicles, a preovulatory follicle and a hemorrhagic cor-
pus luteum are shown in Figure 4.24. The LH surge induces 
a cascade of molecular events and changes in the mature fol-
licle that are associated with ovulation. Studies of these have 
been complex, with the result that the precise mechanisms 
underlying ovulation remain to be completely understood. 
Currently, it is postulated that the LH surge induces an acute 
inflammatory-like reaction; inflammatory cytokines, such as 
interleukins, and countless genes are also upregulated. There is 
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Figure 4.22 Production of estradiol within the growing dominant 
follicle requires successive events within different locations (see 
text). FSH receptors are located within the avascular granulosa cell 
layer, whereas synthesis of LH receptors, stimulated by FSH, occurs 
within stromal cells of the theca interna. The enzyme aromatase 
(responsible for the biosynthesis of estrogens) stimulated by FSH 
originates within the granulosa cells. LH, in turn, promotes steroid 
biosynthesis by theca cells and the production of androgens. These 
androgens, following diffusion into the granulosa layer where the 
enzyme aromatase is located, are then biotransformed into estradiol.
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OVULATORY GONADOTROPIN SURGE AND 
OVULATION 

¡ Maturation of the dominant follicle is 
marked by high blood levels of estradiol. 

¡ High levels estradiol à positive feedback 
loop signal to hypothalamus and anterior 
pituitary à LH surge à ovulation

¡ LH surge (“TRIGGER”) is an absolute 
requirement for the final maturation of 
the oocyte and the initiation of the follicular 
rupture.  
Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



OVULATORY GONADOTROPIN SURGE AND 
OVULATION 

¡ the LH surge initiates germinal vesicle (or nucleus) 
disruption, and the fully grown oocyte resumes 
meiosis (meiotic maturation). 

¡ it progresses from the diplotene stage of the 
meiosis I (which was initiated during fetal life) to 
metaphase II of the second meiotic division.

¡ At ovulation, meiosis is arrested again               
(the second meiotic arrest). 

¡ the second meiotic division will only be completed at 
the time of fertilization. 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



¡ Ovulation (follicle rupture) 
occurs about 32 hours after 
the initial rise of the LH surge 
and about 16 hours after its 
peak

¡ LH surge induces an acute 
inflammatory-like reaction

OVULATORY GONADOTROPIN SURGE AND 
OVULATION 

32Hours

16Hours

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



¡ Follicle rupture is also due to the following factors: 

1. Prostaglandins induce the hyperemia and edema that 
result from increased blood flow and vascular 
permeability. 

2. Protease activity (collagenases and plasminogen 
activator) leads to the degradation of the follicular layers 
and wall

3. Plasmin helps in detaching the cumulus cell-enclosed 
oocyte from the granulosa cells, which initiates the 
process of extrusion of the oocyte and cumulus

OVULATORY GONADOTROPIN SURGE AND 
OVULATION 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE 

¡ Immediately after menstruation, the 
endometrium is only 1-2 mm thick and consists 
mainly of the stratum basale and a few glands. 

¡ As estradiol levels increase, the stratum 
functionale proliferates greatly by multiplication 
of both glandular and stromal cells. (increase 
mitotic activity due to estrogen) 

¡ Toward the late follicular phase, the straight 
glands become progressively more voluminous 
and tortuous. Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive

Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



¡ At the time of onset of the LH surge and before 
ovulation, subnuclear vacuoles appear at the 
base of the cells lining the glands à first 
indication of an effect by progesterone, 
reflecting the small but significant increase in 
progesterone seen at that time. 

¡ endometrial thickness increases from a mean of 
about 4 mm in the early follicular phase to 
about 12 mm at the time of ovulation. 

ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE Part I  BASIC SCIENCE102

in a “receptive endometrium” that is prepared to engage in a 
molecular dialog with the blastocyst. The window of implan-
tation (WOI) is typically defined as days 20 to 24 of a 28-day 
menstrual cycle, with implantation occurring about 1 week 
after fertilization. Multiple signaling pathways are activated 
in the endometrium to ensure successful embryo implantation 
(Fig. 4.27) (Cha, 2012). Several proteins, including glycode-
lin, insulin-like growth factor binding protein 1 (IGFBP-1), 
homeobox A10, and leukemia inhibitory factor, are produced 
by secretory phase endometrium and may play integral roles 
in endometrial function.15 Glycodelin is also known as PP14  
or progestagen-associated endometrial protein. Although it has 
also been referred to as pregnancy-associated endometrial alpha-
2-globulin, it is actually not a placental protein but rather a 
major secretory product of the glandular endometrial epithe-
lium during the secretory phase. Circulating levels of glycode-
lin correlate well with serum progesterone levels. Glycodelin 
is a glycoprotein of which there are three distinct forms, with 
identical protein backbones but different glycosylation pro-
files. These glycoproteins appear to have essential roles in 
producing a uterine environment suitable for pregnancy and 
in the timing and occurrence of the appropriate sequence of 
events in the fertilization process.

After the first week of the luteal phase, changes in the stroma 
rather than in the glands become more important and relevant. 
The stroma becomes more edematous as a result of increased 
capillary permeability. Endothelial proliferation results in 
the coiling of capillaries and vessels, particularly in the upper 

functionale level producing vascular clusters. (These changes 
have been postulated to be mediated by prostaglandin F2α 
[PGF2α] and prostaglandin E [PGE2], the production of which 
is stimulated by estradiol and progesterone.) These changes are 
essential in the steps that will lead to the predecidual transforma-
tion of stromal cells.

Predecidual stromal cells are precursor forms of gestational 
decidual cells. (These cells are not involved in the implantation 
process because they develop after implantation.) In the nonges-
tational endometrium, predecidual cells are engaged in phagocy-
tosis and digestion of extracellular collagen matrix. These cellular 
activities may contribute to the breakdown of the endometrium 
at menstruation. (Predecidual cells also have metabolic functions 
related to pregnancy; for example, they secrete prolactin, which 
is related to osmoregulation of amniotic fluid. These cells also 
play a supportive role to the endometrial mucosa and appear to 
control the invasive nature of the normal trophoblast: in their 
absence, the trophoblast may invade the myometrium leading to 
placenta accreta.) Decidualization succeeds predecidualization if 
pregnancy occurs.

Clinically, the measurement of hormonal levels in parallel 
with the use of quantitative morphometric endometrial mea-
surements produce a significant correlation with chronologic 
dating of the length of the luteal phase. Clinical dating of the 
endometrium, however, is somewhat subjective and is rarely car-
ried out today. Sonography shows that endometrial thickness 
remains at the same level reached at ovulation (8 to 14 mm) 
throughout the luteal phase.

BA

Figure 4.26 Histology of proliferative (A) and secretory (B) endometrial tissue.
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4 Reproductive Endocrinology 101

Human endometrium (the glandular part of the uterus) is 
made up of two major layers: (1) the stratum basale, which lies 
on top of the myometrium (the muscle part of the uterus), con-
sists of primordial glands and densely cellular stroma, which 
change little during the menstrual cycle and do not desquamate 
at menstruation; and (2) the stratum functionale, which lies 
between the basale and the lumen of the uterus, is composed 
of two layers. The superficial layer (stratum compactum) con-
sists of the neck of the glands and densely populated stromal 
cells. The lower layer (stratum spongiosum) consists primarily 
of glands with less populated stroma and large amounts of inter-
stitial tissue. Differences in structure in the two layers reflect 
different biologic functions: whereas the upper layer serves as 
the site of blastocyst implantation and provides the metabolic 
environment for it, the lower layer maintains the integrity of the 
mucosa. Changes in hormones during the menstrual cycle affect 
mainly the stratum functionale. A diagrammatic representation 
of endometrial changes during the menstrual cycle is presented 
in Figure 4.25.

ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE

Immediately after menstruation, the endometrium is only 1 to 
2 mm thick and consists mainly of the stratum basale and a few 
glands. As estradiol levels increase with the growth and matu-
ration of the dominant follicle, the number of estradiol recep-
tors in the endometrium increases and the stratum functionale 
proliferates greatly by multiplication of both glandular and 
stromal cells. Synthesis of DNA is increased, and mitoses are 
numerous. Toward the late follicular phase, the straight glands 
become progressively more voluminous and tortuous. At the 
time of onset of the LH surge and before ovulation, subnuclear 

vacuoles appear at the base of the cells lining the glands. This is 
the first indication of an effect by progesterone, reflecting the 
small but significant increase in progesterone seen at that time. 
Sonography during the follicular phase shows that endometrial 
thickness, including both anterior and posterior layers, increases 
from a mean of about 4 mm in the early follicular phase to about 
12 mm at the time of ovulation. Examples of structural changes 
of the endometrium during the menstrual cycle are shown in 
Figure 4.26.

ENDOMETRIUM IN THE SECRETORY  
(LUTEAL) PHASE

After ovulation, the proliferative endometrium undergoes a rapid 
secretory differentiation: well-developed subnuclear glycogen-
rich vacuoles appear in every cell of a given gland. This correlates 
with a total lack of mitoses in all glands. Both effects can be 
attributed to rising levels of postovulatory progesterone. Proges-
terone antagonizes the mitotic action of estradiol by decreasing 
estrogen receptors and by increasing the progesterone-specific 
enzyme 17 β-hydroxydehydrogenase, which converts estradiol 
into the much less active estrone.

As progesterone levels increase during the first part of the 
luteal phase, the glycogen-containing vacuoles ascend progres-
sively toward the gland lumen. Soon thereafter, the contents of 
the glands are released into the endometrial lumen. The peak 
of intraglandular content and its release into the lumen coin-
cides well with the arrival of the free-floating blastocyst, which 
reaches the uterine cavity by about 3.5 days after fertilization. 
This release of glycogen-rich nutrients is crucial in that it pro-
vides energy to the energy-starved free-floating blastocyst.

Appropriately timed exposure to estrogen and progester-
one alters gene transcription in the endometrium resulting 
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Figure 4.25 Diagram of changes in normal human ovarian and endometrial cycles. (From Shaw ST, 
Roche PC. Menstruation. In: Finn CA, ed. Oxford Review of Reproductive Endocrinology. vol 2. London: 
Oxford University Press; 1980.)
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LUTEAL PHASE 

¡ Formation of the corpus luteum. 

Ø The corpus luteum is the result of two 
important events initiated at ovulation:

1. Granulosa and theca cells hypertrophy:  inc.
lipids, and acquire organelles associated 
with steroidogenesis

2. the basal lamina is disrupted, and capillaries 
from the theca interna invade the 
granulosa layer to form an extensive 
capillary network. 
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¡ hallmark of the human corpus luteum is its 
secretion primarily of progesterone.

¡ Normal function of the corpus luteum depends on 
LH stimulation throughout the luteal phase 

¡ during the luteal phase, there is progressive slowing 
down of LH pulse frequency, from 1 pulse/90 minutes 
at the beginning of the luteal phase to 1 pulse/3 hours 

¡ Progesterone dominance during the luteal phase 
affects the hypothalamic thermoregulatory center: 
increase in basal body temperature (BBT)

LUTEAL PHASE 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA 
editors)



CORPUS LUTEUM REGRESSION 
(LUTEOLYSIS) 
¡ life span of the corpus luteum is limited to a 

period of about 14 days. 

¡ the corpus luteum reaches maturity 8 to 9 
days after ovulation, after which time luteal 
cells start to degenerate and its secretory 
capability begins to decline. 

¡ Only rapidly rising concentrations of 
chorionic gonadotropin [hCG] [secreted by 
the syncytiotrophoblast] following 
conception can rescue the corpus luteum and 
maintain the production of progesterone.

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



¡ well-developed subnuclear glycogen-rich 
vacuoles appear in every cell of a given gland à
correlates with a total lack of mitoses in all 
glands. 

¡ Progesterone antagonizes the mitotic action of 
estradiol by decreasing estrogen receptors and 
by increasing the progesterone-specific enzyme 
17 β-hydroxydehydrogenase, which converts 
estradiol into the much less active estrone. 

ENDOMETRIUM IN THE SECRETORY     
(LUTEAL) PHASE 
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¡ the contents of the endometrial glands are released 
into the endometrial cavity à coincides with the 
arrival of the free-floating blastocyst, which reaches 
the uterine cavity by about 3.5 days after fertilization. 

¡ this release of glycogen-rich nutrients is crucial 
because it provides energy to the energy-starved 
free-floating blastocyst. 

¡ window of implantation (WOI) is typically defined as 
days 20 to 24 of a 28-day menstrual cycle, with 
implantation occurring about 1 week after 
fertilization.

ENDOMETRIUM IN THE SECRETORY     
(LUTEAL) PHASE 
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4 Reproductive Endocrinology 101

Human endometrium (the glandular part of the uterus) is 
made up of two major layers: (1) the stratum basale, which lies 
on top of the myometrium (the muscle part of the uterus), con-
sists of primordial glands and densely cellular stroma, which 
change little during the menstrual cycle and do not desquamate 
at menstruation; and (2) the stratum functionale, which lies 
between the basale and the lumen of the uterus, is composed 
of two layers. The superficial layer (stratum compactum) con-
sists of the neck of the glands and densely populated stromal 
cells. The lower layer (stratum spongiosum) consists primarily 
of glands with less populated stroma and large amounts of inter-
stitial tissue. Differences in structure in the two layers reflect 
different biologic functions: whereas the upper layer serves as 
the site of blastocyst implantation and provides the metabolic 
environment for it, the lower layer maintains the integrity of the 
mucosa. Changes in hormones during the menstrual cycle affect 
mainly the stratum functionale. A diagrammatic representation 
of endometrial changes during the menstrual cycle is presented 
in Figure 4.25.

ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE

Immediately after menstruation, the endometrium is only 1 to 
2 mm thick and consists mainly of the stratum basale and a few 
glands. As estradiol levels increase with the growth and matu-
ration of the dominant follicle, the number of estradiol recep-
tors in the endometrium increases and the stratum functionale 
proliferates greatly by multiplication of both glandular and 
stromal cells. Synthesis of DNA is increased, and mitoses are 
numerous. Toward the late follicular phase, the straight glands 
become progressively more voluminous and tortuous. At the 
time of onset of the LH surge and before ovulation, subnuclear 

vacuoles appear at the base of the cells lining the glands. This is 
the first indication of an effect by progesterone, reflecting the 
small but significant increase in progesterone seen at that time. 
Sonography during the follicular phase shows that endometrial 
thickness, including both anterior and posterior layers, increases 
from a mean of about 4 mm in the early follicular phase to about 
12 mm at the time of ovulation. Examples of structural changes 
of the endometrium during the menstrual cycle are shown in 
Figure 4.26.

ENDOMETRIUM IN THE SECRETORY  
(LUTEAL) PHASE

After ovulation, the proliferative endometrium undergoes a rapid 
secretory differentiation: well-developed subnuclear glycogen-
rich vacuoles appear in every cell of a given gland. This correlates 
with a total lack of mitoses in all glands. Both effects can be 
attributed to rising levels of postovulatory progesterone. Proges-
terone antagonizes the mitotic action of estradiol by decreasing 
estrogen receptors and by increasing the progesterone-specific 
enzyme 17 β-hydroxydehydrogenase, which converts estradiol 
into the much less active estrone.

As progesterone levels increase during the first part of the 
luteal phase, the glycogen-containing vacuoles ascend progres-
sively toward the gland lumen. Soon thereafter, the contents of 
the glands are released into the endometrial lumen. The peak 
of intraglandular content and its release into the lumen coin-
cides well with the arrival of the free-floating blastocyst, which 
reaches the uterine cavity by about 3.5 days after fertilization. 
This release of glycogen-rich nutrients is crucial in that it pro-
vides energy to the energy-starved free-floating blastocyst.

Appropriately timed exposure to estrogen and progester-
one alters gene transcription in the endometrium resulting 
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Figure 4.25 Diagram of changes in normal human ovarian and endometrial cycles. (From Shaw ST, 
Roche PC. Menstruation. In: Finn CA, ed. Oxford Review of Reproductive Endocrinology. vol 2. London: 
Oxford University Press; 1980.)
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MENSTRUATION 

¡ If implantation of the blastocyst does not occur 
and hCG is not produced to maintain the corpus 
luteum à endometrial glands begin to collapse 
and fragment. 

¡ results from intense tissue breakdown by 
proteolytic enzymes, mainly members of the 
matrix metalloproteinase family (MMPs), and 
that these enzymes are stimulated by the 
products of an inflammatory process. 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In Comprehensive
Gynecology  7th edition, 2017 (Lobo RA, Gershenson DM, Lentz GM, Valea FA editors)



MENSTRUATION 
¡ the degrading actions by MMPs lead to the 

destruction of endometrial interstitial matrix, and 
the resultant bleeding characteristic of 
menstruation. 

¡ Regular menstruation usually lasts for 3- 5 days 
(Normal: range  2-7 days)

¡ Average blood loss per cycle: 35 mL  (Normal 
range: 10- 80 mL) 

¡ The enzyme plasmin tends to inhibit the 
blood from clotting. Because of the blood loss, 
premenopausal women have higher dietary 
requirements for iron to prevent iron deficiency. 

Douglas NC, Lobo RA. Chap 4 Reproductive Endocrinology. In 
Comprehensive Gynecology 7th dition
Lobo RA, Gershenson DM, Lentz GM, Valea FA editors



SUMMARY 4 Reproductive Endocrinology 101

Human endometrium (the glandular part of the uterus) is 
made up of two major layers: (1) the stratum basale, which lies 
on top of the myometrium (the muscle part of the uterus), con-
sists of primordial glands and densely cellular stroma, which 
change little during the menstrual cycle and do not desquamate 
at menstruation; and (2) the stratum functionale, which lies 
between the basale and the lumen of the uterus, is composed 
of two layers. The superficial layer (stratum compactum) con-
sists of the neck of the glands and densely populated stromal 
cells. The lower layer (stratum spongiosum) consists primarily 
of glands with less populated stroma and large amounts of inter-
stitial tissue. Differences in structure in the two layers reflect 
different biologic functions: whereas the upper layer serves as 
the site of blastocyst implantation and provides the metabolic 
environment for it, the lower layer maintains the integrity of the 
mucosa. Changes in hormones during the menstrual cycle affect 
mainly the stratum functionale. A diagrammatic representation 
of endometrial changes during the menstrual cycle is presented 
in Figure 4.25.

ENDOMETRIUM IN THE PROLIFERATIVE 
(FOLLICULAR) PHASE

Immediately after menstruation, the endometrium is only 1 to 
2 mm thick and consists mainly of the stratum basale and a few 
glands. As estradiol levels increase with the growth and matu-
ration of the dominant follicle, the number of estradiol recep-
tors in the endometrium increases and the stratum functionale 
proliferates greatly by multiplication of both glandular and 
stromal cells. Synthesis of DNA is increased, and mitoses are 
numerous. Toward the late follicular phase, the straight glands 
become progressively more voluminous and tortuous. At the 
time of onset of the LH surge and before ovulation, subnuclear 

vacuoles appear at the base of the cells lining the glands. This is 
the first indication of an effect by progesterone, reflecting the 
small but significant increase in progesterone seen at that time. 
Sonography during the follicular phase shows that endometrial 
thickness, including both anterior and posterior layers, increases 
from a mean of about 4 mm in the early follicular phase to about 
12 mm at the time of ovulation. Examples of structural changes 
of the endometrium during the menstrual cycle are shown in 
Figure 4.26.

ENDOMETRIUM IN THE SECRETORY  
(LUTEAL) PHASE

After ovulation, the proliferative endometrium undergoes a rapid 
secretory differentiation: well-developed subnuclear glycogen-
rich vacuoles appear in every cell of a given gland. This correlates 
with a total lack of mitoses in all glands. Both effects can be 
attributed to rising levels of postovulatory progesterone. Proges-
terone antagonizes the mitotic action of estradiol by decreasing 
estrogen receptors and by increasing the progesterone-specific 
enzyme 17 β-hydroxydehydrogenase, which converts estradiol 
into the much less active estrone.

As progesterone levels increase during the first part of the 
luteal phase, the glycogen-containing vacuoles ascend progres-
sively toward the gland lumen. Soon thereafter, the contents of 
the glands are released into the endometrial lumen. The peak 
of intraglandular content and its release into the lumen coin-
cides well with the arrival of the free-floating blastocyst, which 
reaches the uterine cavity by about 3.5 days after fertilization. 
This release of glycogen-rich nutrients is crucial in that it pro-
vides energy to the energy-starved free-floating blastocyst.

Appropriately timed exposure to estrogen and progester-
one alters gene transcription in the endometrium resulting 
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Figure 4.25 Diagram of changes in normal human ovarian and endometrial cycles. (From Shaw ST, 
Roche PC. Menstruation. In: Finn CA, ed. Oxford Review of Reproductive Endocrinology. vol 2. London: 
Oxford University Press; 1980.)
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