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A) Oestrogen/estrogen:

Estrogen, or oestrogen, is the primary female sex hormone. It is responsible for the development and regulation of the female reproductive system and secondary sex characteristics. Estrogens are synthesized in all vertebrates[1] as well as some insects.[2] Their presence in both vertebrates and insects suggests that estrogenic sex hormones have an ancient evolutionary history.

Like all steroid hormones, estrogens readily diffuse across the cell membrane. Once inside the cell, they bind to and activate estrogen receptors (ERs) which in turn modulate the expression of many genes. In addition to their role as natural hormones, estrogens are used as medications, for instance in menopausal hormone therapy and hormonal birth control.

TYPES OF ESTROGENS

There are four major naturally occuring estrogen. They are;

1. Estradiol :It is the predominant estrogen during the reproductive years both in terms of absolute serum levels and estrogenic activities. 

2. Estrone: It is the predominant circulating estrogen during menopause. 

3. Estriol: It is the predominant circulating estrogen during pregnancy. 

4. Estetrol: It is produced only during pregnancy. 

Functions of estrogen 

Structural

· Mediate formation of female secondary sex characteristics

· Accelerate metabolism

· Increase fat store

· Stimulate endometrial growth

· Increase uterine growth

· Increase vaginal lubrication

· Thicken the vaginal wall

· Maintenance of vessel and skin

· Reduce bone resorption, increase bone formation

Protein synthesis

· Increase hepatic production of binding proteins

Coagulation

· Increase circulating level of factors 2, 7, 9, 10, plasminogen

· Decrease antithrombin III

· Increase platelet adhesiveness

· Increase vWF (estrogen -> Angiotensin II -> Vasopressin)

· Increase PAI-1 and PAI-2 also through Angiotensin II

Lipid

· Increase HDL, triglyceride

· Decrease LDL, fat deposition

· Fluid balance

· Salt (sodium) and water retention

· Increase cortisol, SHBG

Gastrointestinal tract

· Reduce bowel motility

· Increase cholesterol in bile

Melanin

· Increase pheomelanin, reduce eumelanin

Cancer

· Support hormone-sensitive breast cancers

Lung function

· Promotes lung function by supporting alveoli (in rodents but probably in humans).

Uterus lining

Estrogen together with progesterone promotes and maintains the uterus lining in preparation for implantation of fertilized egg and maintenance of uterus function during gestation period, also upregulates oxytocin receptor in myometrium

Ovulation

Surge in estrogen level induces the release of luteinizing hormone, which then triggers ovulation by releasing the egg from the Graafian follicle in the ovary.

Sexual behavior

· Promotes sexual receptivity in estrus, and induces lordosis behavior. In non-human mammals, it also induces estrus (in heat) prior to ovulation, which also induces lordosis behavior. Female non-human mammals are not sexually receptive without the estrogen surge, i.e., they have no mating desire when not in estrus.

· Regulates the stereotypical sexual receptivity behavior; this lordosis behavior is estrogen-dependent, which is regulated by the ventromedial nucleus of the hypothalamus.

· Sex drive is dependent on androgen levels only in the presence of estrogen, but without estrogen, free testosterone level actually decreases sexual desire (instead of increases sex drive), as demonstrated for those women who have hypoactive sexual desire disorder, and the sexual desire in these women can be restored by administration of estrogen (using oral contraceptive). In non-human mammals, mating desire is triggered by estrogen surge in estrus.

Biosynthesis of estrogen

In females, synthesis of estrogens starts in theca interna cells in the ovary, by the synthesis of androstenedione from cholesterol. Androstenedione is a substance of weak androgenic activity which serves predominantly as a precursor for more potent androgens such as testosterone as well as estrogen. This compound crosses the basal membrane into the surrounding granulosa cells, where it is converted either immediately into estrone, or into testosterone and then estradiol in an additional step. The conversion of androstenedione to testosterone is catalyzed by 17β-hydroxysteroid dehydrogenase (17β-HSD), whereas the conversion of androstenedione and testosterone into estrone and estradiol, respectively is catalyzed by aromatase, enzymes which are both expressed in granulosa cells. In contrast, granulosa cells lack 17α-hydroxylase and 17,20-lyase, whereas theca cells express these enzymes and 17β-HSD but lack aromatase. Hence, both granulosa and theca cells are essential for the production of estrogen in the ovaries.

Estrogen levels vary through the menstrual cycle, with levels highest near the end of the follicular phase just before ovulation.

Note that in males, estrogen is also produced by the Sertoli cells when FSH binds to their FSH receptors.

Distribution 

Estrogens are plasma protein bound to albumin and/or sex hormone-binding globulin in the circulation.

Metabolism 

Estrogens are metabolized via hydroxylation by cytochrome P450 enzymes such as CYP1A1 and CYP3A4 and via conjugation by estrogen sulfotransferases (sulfation) and UDP-glucuronyltransferases (glucuronidation). In addition, estradiol is dehydrogenated by 17β-hydroxysteroid dehydrogenase into the much less potent estrogen estrone. These reactions occur primarily in the liver, but also in other tissues.

Excretion 

Estrogens are excreted primarily by the kidneys as conjugates via the urine.

Medical uses

Estrogens are used as medications, mainly in the following:

I.  hormonal contraception,

II.  hormone replacement therapy

III. It is also used to treat gender dysphoria in transgender women and other transfeminine individuals as part of feminizing hormone therapy.
PROGESTINS

A progestin is a synthetic progestogen. Progestogens are used most commonly in hormonal birth control and menopausal hormone therapy. They can also be used in the treatment of gynecological conditions, to support fertility and pregnancy, to lower sex hormone levels for various purposes, and for other indications. Progestogens are used alone or in combination with estrogens. They are available in a wide variety of formulations and for use by many different routes of administration.

NOTE:

A progestogen is a type of medication which produces effects similar to those of the natural female sex hormone progesterone in the body.

Uses

Birth control:

Progestogens mediate their contraceptive effects by multiple mechanisms, including prevention of ovulation via their antigonadotropic effects; thickening of cervical mucus, making the cervix largely impenetrable to sperm; preventing capacitation of sperm due to changes in cervical fluid, thereby making sperm unable to penetrate the ovum; and atrophic changes in the endometrium, making the endometrium unsuitable for implantation. They may also decrease tubal motility and ciliary action.

Hormone therapy:

Menopause and hypogonadism:

Progestogens are used in combination with estrogens in menopausal hormone therapy in women. They are also used in combination with estrogens in hormone therapy for hypogonadism and delayed puberty in girls and women. They are used mainly to prevent endometrial hyperplasia and increased risk of endometrial cancer from unopposed estrogen therapy.

Transgender hormone therapy:

Progestogens are used as a component of hormone therapy for transgender women and transgender men. They are used in transgender women in combination with estrogens to help suppress and block testosterone. Progestogens might also have other beneficial effects in transgender women, but these are controversial and unsupported at present. Examples of progestogens used in hormone therapy for transgender women include cyproterone acetate, medroxyprogesterone acetate, and progesterone. Progestogens, such as medroxyprogesterone and lynestrenol, are used in transgender men to help suppress menses. Progestogens have also been used to delay puberty in transgender boys and girls.

Pharmacokinetics

Oral progesterone has very low bioavailability and potency. Micronization and dissolution in oil-filled capsules, a formulation known as oral micronized progesterone (OMP), increases the bioavailability of progesterone by several-fold. However, the bioavailability of oral micronized progesterone nonetheless remains very low at less than 2.4%. Progesterone also has a very short elimination half-life in the circulation of no more than 1.5 hours. Due to the poor oral activity of oral micronized progesterone, it has relatively weak progestogenic effects. Administration of progesterone in oil solution by intramuscular injection has a duration of about 2 or 3 days, necessitating frequent injections. Transdermal administration of progesterone in the form of creams or gels achieves only very low levels of progesterone and weak progestogenic effects.

Due to the poor oral activity of progesterone and its short duration with intramuscular injection, progestins were developed in its place both for oral use and for parenteral administration. Orally active progestins have high oral bioavailability in comparison to oral micronized progesterone. Their bioavailability is generally in the range of 60 to 100%. Their elimination half-lives are also much longer than that of progesterone, in the range of 8 to 80 hours. Due mainly to their pharmacokinetic improvements, progestins have oral potency that is up to several orders of magnitude greater than that of oral micronized progesterone. For example, the oral potency of medroxyprogesterone acetate is at least 30-fold that of oral micronized progesterone, while the oral potency of gestodene is at least 10,000-fold that of oral micronized progesterone. Parenterally administered progestins, such as hydroxyprogesterone caproate in oil solution, norethisterone enanthate in oil solution, and medroxyprogesterone acetate in microcrystalline aqueous suspension, have durations in the range of weeks to months.

NOTE:

All currently available progestogens are steroids. They include the following structural groups:

Progesterone derivatives:

· Pregnanes (e.g., medroxyprogesterone acetate)

· Retropregnanes (e.g., dydrogesterone)

· Norpregnanes (e.g., nomegestrol acetate)

· Spirolactones (e.g., drospirenone)

· Testosterone derivatives

· Androstanes (e.g., ethisterone)

· Estranes (e.g., norethisterone)

· Gonanes (e.g., levonorgestrel)
INTERACTION:

Inhibitors and inducers of cytochrome P450 enzymes and other enzymes such as 5α-reductase may interact with progestogens.
B) Anti-fertility Drugs

The drugs used to control the population (by family planning) are called antifertility drugs. Antifertility drugs are hormones (mixture of synthetic estrogen and progesterone derivatives). Examples include norethindrone and ethinyl estradiol.

Antifertility drugs are chemical substances which suppress the action of hormones that promote pregnancy. These drugs actually reduce the chances of pregnancy and act as a protection. Antifertility drugs are made up of derivatives of synthetic progesterone or a combination of derivatives of estrogen and progesterone.

Antifertility drugs are actually synthetic hormones. When progesterone pills are taken, the mucus in the cervix gets thickened. This makes it very difficult for sperm to enter the uterus and fertilize the egg and hence chances of pregnancy are reduced. Progesterone is a hormone which suppresses ovulation in women. The synthetic progesterone derivatives are more potent as compared to natural progesterone. Norethindrone is an example of synthetic progesterone which is one of the most commonly used antifertility drugs. Ethynylestradiol is a combination of derivatives of estrogen and progesterone.

Benefits of Antifertility Drugs

These drugs generally do not have many side effects, weight gain is the only issue known to be reported. These drugs are very useful if taken in the proper dose, following are its significant benefits:
· They cause no interference in sexual activities and risk of pregnancy is reduced.

· They might cause the reduction in menstrual bleeding.

· They can be taken immediately after childbirth.

The cycle of the medicine should be maintained. The chance of cancer in the uterus is reduced if the pills are taken in long-term dose. They also provide protection against pelvic inflammatory diseases. Progesterone acts as an anti-inflammatory drug and regulates the immune system.
