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Estradiol

Introduction

Estradiol (E2 or 17B-estradiol) is the major estrogen in humans. Although it is
often called the "female" hormone, it is also present in males. It is the
aromatized Cig-steroid with a 3-hydroxyl group and a 17-hydroxyl group. Its
chemical name of which is (17B)-estra-1,3,5(10)-triene-3,17-diol, its summary
formula is C;gH240, and its molecular weight is 272.38 Da.

Like the other natural estrogens estrone (E1) and estriol (E3), estradiol is a
derivative of the hydrocarbon estrane with an aromatic ring and an 18-carbon
molecule (see fig.1).

Fig.1: Structural formulas of estrane and its derivatives estrone,
estradiol and estriol.

Estrane Estradiol Estrone Estriol

There are also several other names for this compound, e.g.including: oestradiol,
3,17B-dihydroxy-1,3,5(10)-estratriene or and dihydrofolliculin.

Biosynthesis

Estradiol, like other sex steroids, is synthetized from cholesterol that has been
converted into androstenedione.

There are two mechanisms of estradiol synthesis from androstendione'°:
- via testosterone, which then undergoes aromatization to estradiol
- via aromatization to estrone, which is then converted to estradiol.



In cycling women, most estradiol is produced
in the ovaries by the granulosa cells and corpus luteum.
The main source of estradiol during pregnancy is the placenta.

In men, estradiol is produced by the testes.

In addition to being produced by the gonads in both sexes, estradiol is also
produced in the adrenal cortex. Another source is the conversion of testosterone
or other precursor hormones. This conversion takes place in many tissues,
particularly in adipose tissue, and does not decease after menopause. Finally,
estradiol is produced in the brain and arterial walls.

Fig.2: Steroidogenesis

i
-

I

o

e

-
.

.
.

e

.

-

.
.

i

-

i

L

L

.
s

-
«»3
-
L
L
i
e

Cholesternnl side-chain o
"""" ’ leavage enzyme OH
] o Deoxy- o
Progesterone o coricosterone S
i — - — R -
o
@
E - o o Corticosterone |
TS regnenolone | 2 o g —~ |0 | S
= | = | = = ./
3 | g 170-hydroxylase 5 \g | ‘fg
) J
B v : v T ou |8 v o/
o 17a-hydroxy 2| 17a-hydroxy e o g o /
%"}_ pregnenolone H = | progesterone 0H 11-deoxycortisol Ol o HO OH {_;"
=] = /
g . N B B . 7
= e — sz Cornisol
HO | . = 0 . | ”m/
17.20 Iyase = '_
0 : 4’ o - Glucoc: oids
::;I, ;-ﬁr - (21 carbons)
=
Q e 7 e ] S e
8 Dehydroepi- | & Andro ste- Estrone | £ OH
o o | androsterone o nedione DE? =t : 3
3 =] . OH
= | 17p-HSD % | oy i
© + OH + OH = * ou | & =1
g g | HO
= e e — - - It ____/
o — f
23 Androstenediol Testosterone Estradiol
= HO [s] H
| a3
1 | Sa-reductase | 2% Cellular location
i on P Lo of enzymes
eg’t@g [ Mitochondria |
) Smooth endoplasmic
Dihydrotesto sterone :
o g v reticulurm




In the normal course of estrogen
metabolism, estradiol is believed to form a reverzible
redox system with estrone>.

Metabolism

Deactivation includes conversion to the less-active estrogen estrone, which is
then further metabolized to estrone-3 sulphate, estrone-17 glucuronide, or
processed via either the 2-, 4- or 16a-hydroxylation pathways to form 2-
hydroxyestrone, 4-hydroxyestrone or 16a-hydroxyestrone. Direct estradiol
conversion to 2-hydroxyestradiol, 4-hydroxyestradiol and 16-hydroxyestradiol is
also possible. These hydroxyderivates are further processed and finally excreted
in urine in the form of glucuronides.

16a-hydroxyestrone may be also be metabolized to estriol via another pathway.

The primary metabolic site for estradiol inactivation and modification to
conjugates is the liver. These water-soluble metabolites are excreted by the
kidneys as urine.

Some of the water soluble conjugates are also excreted also by the bile duct, and
partly reabsorbed after hydrolysis in the intestinal tract. This enterohepatic
circulation contributes to maintaining estradiol levels.

Fig.3: Metabolism of estradiol and other estrogens
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Physiological Function

Females

Estradiol and other estrogens are responsible for the
development and maintenance of the female sex organs
and female secondary sex characteristics. In conjunction with progesterone, they
also participate in the regulation of the menstrual cycle and breast and uterine
growth.

Estradiol plays a critical role not only in reproductive and sexual functioning, but
also within various other organs.

It is necessary for normal female physical maturation. In the absence of
androgens, estradiol and other estrogens stimulate the development of the
vagina, uterus, and fallopian tubes from the embryonic Mlllerian system. They
also stimulate stromal development and ductal growth of the breasts during
puberty, are responsible for accelerated pubertal skeletal growth, contribute to
the growth of axillary and pubic hair, and alter the distribution of body fat to
produce the typical female body contours.

Estradiol is one of key elements in maintaining a regular menstrual cycle.

Its concentration is low at the beginning of the cycle, but increases gradually due
to production by follicular granulosa cells under the effect of FSH. This increase
leads to an inhibition of FSH synthesis via negative feedback mechanisms;
however, estradiol enhances the effect of FSH on maturing follicles by causing
changes in the FSH receptors of follicular cells. When one dominant follicle is
selected for maturation, it accumulates a great amount of granulosa cells. At this
point estradiol production increases further, reaching its peak at the end of the
follicular phase (around day 12). This elevation of estradiol level triggers a surge
of LH, followed by ovulation (rupture of the matured follicle and release of the
egg). Estradiol concentrations fall abruptly after ovulation. Corpus luteum, which
is formed from the ruptured follicle, starts to produce estradiol again and
concentrations in circulation increase around day 22 of the cycle. This process is
halted if fertilization does not occur, resulting in a decrease in estradiol and
consequent rise in FSH in preparation for the next cycle.



Fig.4: Menstrual cycle
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Estradiol has a significant effect on the endometrium during the menstrual cycle,
especially in the preovulatory phase, when it stimulates endometrial proliferation.

Estradiol also has many important extragenital metabolic effects in adult women,
such as decreasing of the rate of bone resorption, increasing high-density
lipoprotein (HDL) production, and various cardioprotective effects.

A decrease in estradiol concentrations after menopause influences the health and
well-being of postmenopausal women. Consequences of long-term estrogen
deprivation include (among others) osteoporosis® and increased risk of
cardiovascular disease®.

Males

Estradiol is produced in the Sertoli cells of the testes. It seems to have complex
and integral role in spermatogenesis®, but the exact mechanism is not yet known.



Levels

Estradiol levels are markedly elevated at birth
and decease rapidly during the first week after delivery.
They remain low until the onset of puberty.

In girls, estradiol levels increase progressively throughout puberty in response to
FSH and LH stimulation. Initially, increased secretion of FSH and LH occurs at
night and is associated with increased estradiol levels the next morning. Later in
puberty, increased secretion of LH and FSH occurs throughout the day. (Night-
time increases still occur, but only during the early follicular phase.)

Estradiol levels in cycling women vary with menstrual cycle phase. They increase
several times during pregnancy.

After menopause, estradiol levels decrease significantly due to diminished
ovarian synthesis. Androstenedione conversion in peripheral tissues becomes the
main source of estrogens, with estrone as the predominant estrogen in
circulation.

In men, estradiol levels increase during puberty as a result of peripheral
testosterone conversion and then remain relatively stable.

Approximately 20% of circulating estradiol in men is bound to SHBG (Sex
Hormone Binding Globulin), and 40-60% in women. Estradiol may also be bound
to albumin. Only a small fraction (about 2%) is free.

Typical estradiol levels® in children and adult males and females are given in
table 1.

For each assay, the relevant reference values are shown in the appropriate
Instructions for Use (IFU).




Tab.1: Typical estradiol levels

Specimen (serum) Reference interval
(pg/mL)

Children (30 - 60 days): 10-32
Children (0.5 - 10 years): <15
Puberty Tanner stage:
Stage 1

male: 3-15

female: 5-10
Stage 11

male: 3-10

female: 5-115
Stage III

male: 5-15

female: 5-180
Stage IV

male: 3-40

female: 25 - 345
Stage V

male: 15 - 45

female: 25 -410
Adults male: 10 - 50
Adults female

Early follicular phase: 20 - 150

Midcycle peak: 150 - 750

Luteal phase: 30 - 450

Postmenopausal: <20

Equation for the conversion of units: 1 pg/mLx3.67 = pmol/L
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Diagnostic utility

Estradiol serves as an important marker
in the evaluation of female reproductive function,
including assessments of infertility, oligoamenorrhea,
and menopausal status. Estradiol levels may be determined in order to check
the function of the ovaries, placenta, or adrenal glands.

It is also useful for monitoring induced ovulation, as well as during preparation
for in vitro fertilization (IVF).

Ultrasensitive assays, simultaneous measurement of estradiol and estrone or
both may be necessary in a number of other clinical situations. These include
inborn sex steroid metabolism errors, pubertal disorders, estrogen deficiency in
men and fracture risk assessment in menopausal women. These tests are of
great value in therapeutic drug monitoring as well, either in the context of low-
dose female hormone replacement therapy or in antiestrogen treatment.

Elevated estradiol levels
- PCOS (polycystic ovary syndrome)

- estrogen producing tumors
- gynecomastia

- liver diseases

- testicular feminization

- precocious puberty

- hyperthyroidism

Decreased estradiol levels

- primary ovarian failure
- Turner syndrome

- hypopituitarism

- hypogonadism

- delayed puberty



Diagnostic utility — practical applications

Assessment of reproductive function in females, including

assessment of infertility, oligoamenorrhea, and menopausal status
Estradiol levels are measured together with LH and FSH. Depending on
particular case, other hormones may be measured as well, including prolactin,
testosterone, AMH, Inhibin B, androstenedione, dehydroepiandrosterone
(sulfate), sex hormone-binding globulin, progesterone, and estrone.

Establishment of the time of ovulation and optimal time for conception
Serial specimens must be drawn over several days to evaluate baseline and
peak estradiol levels.

Determination of the timing of ovarian stimulation initiation in IVF (in
vitro fertilization)

Monitoring of female hormone replacement therapy in postmenopausal
women
Estradiol levels are measured together with estrone (sulfate) in order to
establish and monitor dosing.

Diagnosis of precocious puberty
GnRH stimulation test is the “golden standard” in these cases.
Estradiol is used as a supplementary indicator.

Diagnosis of delayed puberty
Estradiol levels are measured together with LH, FSH and estrone.

Diagnosis of suspected disorders of sex steroid metabolism, e.g.
aromatase deficiency
Estradiol levels are measured together with other steroids.

Fracture risk assessment of postmenopausal women, and, to a lesser
degree, older men
Estradiol determination acts as a supplementary test to clinical assessment,
imaging studies, bone mineral density measurement and bone marker
determination.

Monitoring antiestrogen therapy with aromatase inhibitor
Estradiol levels are measured together with estrone.

Diagnostics of gynecomastia and feminization in men

Estradiol levels are measured together with estrone, testosterone and
adrenal androgens.
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