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Ovaries, Estrogen and Progesterone

The Menstrual Cycle

The ovaries are 1 x 2 x 4 cm. in size and weigh 5 grams each in the adult human but decrease to approximately 2.5 grams with menopause. The ovarian production of estrogen and progesterone is regulated by a cyclic and pulsatile interaction with gonadotrophin-releasing hormone (GnRH) secreted by the hypothalamus and stimulating hormones secreted by the anterior pituitary. The regulation of diurnal and monthly cycles of gonadal hormones and ovulation is extremely complex. GnRH causes the anterior pituitary to secrete FSH and LH, which in turn stimulate the ovaries to produce estrogen and progesterone. 


In women, FSH promotes follicular development, and both FSH and LH are required for normal estrogen secretion. Ovulation appears to be triggered by a mid-cycle surge in LH (and FSH) secretion, and LH is required for the formation and maintenance of the corpus luteum and its secretion of progesterone. 

The Menstrual Cycle

· Menarche begins between ages 9 and 18; median age in US=12.3 years

· Normal cycle length is 21-35 days

· Menses length is between 2-7 days with a loss of 30-60 ml of blood containing 30-50% Hgb

· The average age of menopause is 52 years  

· Hypothalamus:  releasing hormones ( adenohypophysis: FSH and LH

· days 1-6: menses

· progesterone levels drop

· vasospasm of spiral coiled arteries caused by prostaglandins

· hemorrhage into stroma  of endometrium

· outer 2/3 of endometrium sloughs off and discharges out of the vagina

· days 6-14: follicular/proliferative phase 

· secretion of FSH ( development of mature graafian follicle containing a mature egg  ( secretion of increasing  

            amounts of estrogen by graafian follicle

· proliferation of the endometrium: endometrium begins to undergo angiogenesis after day 5

· develops the secondary sex characteristics

· inhibits secretion of FSH (FSH is high in menopausal women d/t lack of estrogen)

· day 14: ovulation

· LH surge ( rupture of graafian follicle releasing egg which starts the luteal/secretory phase

· days 15-28: luteal/secretory phase 

· formation of corpus luteum at site of ruptured follicle ( movement of egg through fallopian tube  production of 

       progesterone by the corpus luteum 

· breast develops for secretory activity

· endometrium develops for secretory activity  


· significant decrease in progesterone level if implantation does not occur, menstrual phase
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Menopausal serum hormones -with hormone replacement 

FSH (25-116 mIU/ml) 

LH(16-54 mIU/ml) 

Estradiol (0-31 pg/ml); (50 -15O pg/ml) w/ HRT:  this reference is not usually found in endocrinology texts, only in Dr. Powell’s notes
Progesterone(0-O.7 ng/ml); 5-30 ng/ml w/ HRT

Estrogen 

Estrogen(s) exists in the human body in three primary forms estrone (E 1), 17(-estradiol (E2), and 16(-estriol (E3). Different forms of estrogen have quite different levels of estrogenic activity. E2 is the most potent primary human estrogen and has approximately 12 times more potency than E1, and 80 times more potency than E3. The ovarian stroma and thecal tissues in response to gonadotropins also produce some androgens.


Estrogens are synthesized from cholesterol or acetyl coenzyme A (a pantothenic acid derivative) and ultimately are metabolized by the liver. The ovaries produce E2. Adipose tissues produce most (~75%) of the E1 found in humans by conversion of E2 or androstenedione synthesized in the adrenal cortices and ovaries. E1 is not protective or potent and the hydroxylated products can have negative effects.  E3 is formed predominantly in the liver by conversion of E2 and E1. E3 has protective effects.


Human estrogens are metabolized into inactive forms by way of phase I cytochrome P450 enzymes that hydroxylate the estrogen molecules, and then by phase II glucuronidation, sulfation, and/or O-methylation. The hydroxylated forms of estrogen are metabolites that have significant biological effects of their own in the human body. The most common sites of hydroxylation are at carbon numbers 2, 4, and 16. It is known that 2-hydroxylated estrogens lack peripheral estrogenic activity. However, C4- and C16-hydroxylated estrogens are active estrogens and have been observed to possibly possess cancer-inducing properties.
  2(-OH estrogens are less carcinogenic than 16( and 4-OH estrone forms of estrogen. Strategies that shunt stage 1 detoxification pathways away from C-4 and 16-hydroxylated estrogens to the 2-hydroxylated estrogens (such as flaxseed lignans, soy isoflavones, and indole-3-carbinol/diindolylmethane) and support stage 2 detoxification (such as limonene found in citrus) are being developed to treat or prevent specific hormone-associated disorders such as breast cancer.
  Urinary OH-estrogen ratios can be measured for assessment.
Tissues affected by estrogen:

bone

brain

eyes

teeth

vasomotor system

heart

breast 

colon

urogenital tract

skin


Estrogen produces direct effects upon the vaginal tissues, uterus, and breasts 

In the vaginal tissues estrogen:

· increases cornification of vaginal mucosa cells

· increases vaginal superficial cells measured with the Maturation Index Test (MI)

· increases vaginal secretion

· increases vaginal rugae

· stimulates an increase in lactic acid production in vaginal mucosa cells from glycogen stores. 


Estrogen causes endometrial proliferation, stimulates an increase in breast tissue mass and causes weight gain by increasing adipose tissue mass and extracellular fluids. Estrogen in conjunction with progesterone can prevent skeletal calcium loss by increasing calcitonin and opposing parathyroid hormone. Estrogen reduces bowel motility. Estrogen increases HDL cholesterol. Estrogen's effect on female sexual response is to increase arousal and congestion of vaginal tissues, although it may suppress orgasmic response if unopposed by adequate progesterone. 


If estrogen is present in excess amounts, or if estrogen is not opposed by adequate progesterone, it can cause endometrial hyperplasia and neoplasia, uterine myomas, fibrocystic breast disease, liver neoplasia, and breast neoplasia. Excess estrogen has direct effects on the central nervous system such as excess CNS stimulation (nervousness, anxiety), CNS dysfunction (confusion, impaired concentration, and impaired short-term memory) and emotional changes (irritability, depression, and mood swings). 


Estrogen can cause symptoms of dysinsulinism such as headaches, blurred vision, and food cravings. Estrogen excess can cause musculoskeletal disorders including fibromyalgia, joint stiffness and pain. Estrogen excess is associated with increased production of pro-inflammatory substances that can produce pruritis and dermatitis. Excess estrogen can cause fluid retention associated with excess sodium reabsorption. 


Estriol (E3) has been found to be a protective estrogen and has shown some promise of decreasing the risk of estrogen-associated breast cancers.
 E3 is a weak estrogen and has estrogen-modulating effects. Healthy liver function is needed for the adequate conversion of E1 to E3. Breast cancer has been associated with a decreased conversion of E 1 to E3 and a decreased "urinary estrogen quotient". Women with breast cancers or premalignancies of the breast are generally found to have a urinary estrogen quotient of less than 0.8. The urinary estrogen quotient in women without breast cancers is normally greater than 1.5. 



Estriol (E3)


= Urinary Estrogen Quotient ((g/24-hour urine)

Estrone (E1) + Estradiol
(E2)
         

Phytoestrogens 


Phytoestrogens are a diverse group of compounds found in many plants that have both mild estrogenic and anti-estrogenic activity as they can enhance or inhibit endogenous estrogen based on receptor type. These molecules are 100- 10,000 times weaker than endogenous estrogens depending on the target receptor. Phytoestrogens are mainly, but not exclusively (sitosterols in Glycyrrhiza for example), non-steroidal;  either of plant origin or derived by the in vivo metabolism of precursors.

Because phytoestrogens have the ability to down- regulate estrogen excess and up-regulate estrogen deficient states, they are known as "hormone modulators." Many phytoestrogens develop estrogenic activity only after they are converted by intestinal flora from inactive substrates to active estrogenic substances, particularly enterolactone and enterodiol (these almost have the biphenolic structure of estrogens). Thus, a patient with dysbiosis may not benefit from phytoestrogen supplementation.


Formononetin is metabolized into daidzein in the gut and absorbed in the portal blood, yet glucuronidation occurs in the intestinal wall, prior to reaching liver.  The coumestrol content of alfalfa is high in the spring with early growth, decreased in the summer then increases again in the fall.  
There are 3 major Categories of phytoestrogens:

· Isoflavones:  

· found in soybeans and clover; formed in the gut from (-glycoside forms

· over 600 have been identified with Genistein is most potent

· Biochanin A is metabolized in Genistein in the gut

· Lignans:  found in oil sees, particularly Linum

· Coumestans:  found in alfalfa sprouts mostly, followed by red clover and soy sprouts?


Phytoestrogens are ubiquitous in nature and are found in isoflavones (soy), flavonols (onion, tomato, green tea, red wine), flavones (apple, green tea), flavanones (citrus), and lignans (flaxseed, legumes, garlic, squash, asparagus). Soy isoflavones and flaxseed lignans are bioactive nutrients that have particularly concentrated phytoestrogenic activity. Typical protocols use 45 g/day of soy flour, sometimes augmented by including 25g/day ground flaxseeds. Phytoestrogens are also present in a wide variety of sprouts, fruits, and vegetables. 


It has been found that soy reduces the shortening of the follicular phase of the menstrual cycle that typically occurs premenopausally and reduces the incidence of perimenopausal polymenorrhea. Phytoestrogens have been found to increase HDL levels. Phytoestrogens have been found to decrease the incidence of estrogen-related cancers of the uterus and breast. Phytoestrogens have been found to decrease serum PRL levels. 



Soy phytoestrogens include genistein, daidzein, genistein, daidzein and glycitin.  Soy is comprised of 38% protein and 18% fat most of which is PUFAs. For every gram of protein there is 1-3 g of isoflavones although soy protein isolates may have less. Soy isoflavones have been found to be effective in treating disorders associated with menopause, including vasomotor symptoms.
  There are over 10,000 varieties of soybean. Soybeans were considered toxic by ancient people until tofu and tempeh were discovered.  The isoflavone glyceollin is formed in stressed soybeans.  Genetic engineering has had its negative effect on soy isoflavone production.  Essentially, the closer you are to the original bean, the more isoflavones you will get.

The mechanism of action is the interference of endogenous estrogens at the receptor sites having an adaptogenic effect.  The effect is 

either weakly estrogenic or antiestrogenic depending on the tissue.


proestrogenic in :  bone, heart, vagina


antiestrogenic in :  breast, uterus


unknown:  brain


(other selective estrogen receptor modulators (SERM):  proestrogenic in one tissue, antiestrogenic in other tissues (i.e. clomed, tamoxifen))

Other effects include:


antioxidant


hypolipidemic


antiangiogenic:  genistein

inhibits aromatase: ( androstenedione (estrone

inhibits tyrosine kinase

inhibits proteases


stimulates SHBG


lowers serum estradiol

Areas of Concern in regard to soy products

· Trypsin inhibition:  particularly with raw, unprocessed soy 

· Phytate content:  inhibition of mineral absorption although this effect is reduced in the context of a normal well rounded diet,
particularly with meat or fish or if the soy is from a fermented product.

· Inhibition of thyroid synthesis:  genistein and daidzein have been shown to inhibit thyroid synthesis although this does 

not appear to occur in the presence of a normal, well-rounded diet.  Rather, caution is advised in hypothyroid patients although a problem rarely occurs.  Perhaps soy formula is a greater risk factor.

· Food vs. Supplement:  Although  foods are superior in regard to balance, patient compliance and larger quantities are 

· Breast cancer:  In a premenopausal breast, soy is antiestrogenic


Protective effect:


· Lowers SHBG ( ( estradiol

· Inhibits mammary tumors by 40% in animal models of breast cancer

· In vitro administration to an estrogen-sensitive breast cancer cell line shows protection with high dose isoflavones.  This translates to greater than 75 mg/day of isoflavones.

· Epidemiological studies show decreased incidence of breast cancer (Asian countries).  Yet is the setting of soy early in the diet the reason???

Negative Effects:

· In vitro to an estrogen-sensitive breast cancer cell line shows stimulation by low dose isoflavones.

· Nipple discharge has been associated and stated as a risk factor in one study but no one else backs this up.

· With tamoxifen:  does soy help or hinder?  Studies are conflicting but soy appears to enhance tamoxifen although caution is \


advised.

· Brain aging and tofu consumption study:  observational, retrospective study of men from 71-93 years old, 2 or more tofu serving per week was correlated with poor cognitive function, dilated ventricles and decreased brain weight.  Confounding variables:  lower socioeconomic status, less complicated nature of past occupations, cerebral vascular disease, diagnosis and recording technique, etc.  In Japan, lower rates of cognitive decline actually occur with increased rates of avascular dementia (due to antiangiogenic effect ???). 

· According to herbalist Johnathan Treasure, pregnant women should avoid large amounts of soy isoflavones as he has seen a correlation of increased phytoestrogen intake with increased incidence of hypospadias.
Neutral Effect:

· Administration of 150 mg of isoflavones or placebo to 177 postmenopausal breast cancer survivors on Tamoxifen resulted in no difference between soy and placebo.

Estrogenergic botanicals 

"Estrogenergic" botanicals have estrogen-promoting effects. Many estrogenergic botanicals are plant-derived medicines that have a long history of traditional use for estrogen deficient disorders. Estrogenergic botanicals include Cimicifuga racemosa, Chamaelirium luteum, Angelica sinensis, Medicago sativa, Glycyrrhiza glabra, Pimpinella anisum, Foeniculum vulgaris, and Humulus lupulus. Estrogenergic botanicals can be prescribed on days 1-14 to support estrogen during the follicular phase of the menstrual cycle. Estrogenergic botanicals can also be combined with progesterogenergic botanicals to support estrogen effects during the luteal phase of the menstrual cycle on days 14 - 28. 

Progesterone 


Progesterone (4-pregnene-3,20-dione) is sometimes thought of as the "other" female hormone. It works synergistically with estrogen and has been called the "forgotten hormone" because its importance has been often overshadowed by the role of estrogen. Progesterone is secreted primarily by the corpus luteum during the luteal phase of the menstrual cycle. Small amounts are also secreted by the adrenal cortices. Normal ovarian function and ovulation is necessary to maintain adequate progesterone production. Adequate amounts of progesterone are not produced with anovulatory menstrual cycles because of deficient corpus luteum formation. 
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Progesterone opposes some of the undesirable effects of estrogen. Progesterone has diuretic effects that decrease fluid retention caused by excess estrogen. Progesterone opposes the effects of aldosterone and promotes urinary excretion of sodium and water. Progesterone works synergistically with estrogen to suppress excess parathyroid hormone production, and acts to prevent calcium loss from bones.
,
  Progesterone has been found to have many beneficial effects and has been documented to prevent adenomatous endometrial hyperplasia and endometrial cancer.  A large-scale study, the PEPI trial
, also found natural progesterone combined with estrogen had more beneficial effects on lipid metabolism and beneficial reduction of fibrinogen levels than did medroxyprogesterone acetate/estrogen combinations. This study also found that natural progesterone was just as effective as medroxyprogesterone acetate in preventing estrogen induced endometrial hyperplasia.  Progesterone has been shown to help prevent the shift toward insulin resistance associated with estrogen replacement therapy. 

Effects of Natural Progesterone

· Preventive for estrogen-induced endometrial hyperplasia and endometrial cancers 

· Normalizes libido and sexual function 

· Stimulates growth of scalp hair 

· Preventive factor for estrogen-induced insulin resistance 

· Improves the lipid profile: raises HDL, lowers triglycerides, fibrinogen, LDL, and apo B 

· Improves fertility, reduces the incidence of miscarriage 

· Increases the sensitivity of estrogen receptors 

· Preventive factor for osteoporosis, synergistic with estrogen in increasing bone mass 

· Improves sleep patterns: reduces sleep latency and increases deep sleep 

· Possibly preventive for some estrogen-induced breast cancers 

According to Steven Brown ND, progesterone enhances cholesterol uptake by atherosclerotic plaque and increases thrombogenic properties of these plaques.  

Symptoms and signs that may respond to progesterone therapy

· Behavioral and Psychological Conditions:  Aggressiveness, Alcohol or drug addiction, Anxiety/ Panic Disorder, Depression, Hysteria, Irritability 

· Cardiovascular Conditions:  Bruising, Capillary fragility, Clotting abnormalities, Cold hands and feet, Diabetic vascular disorders, Edema, Flushing, Heart murmur, Hypertension, Hypotension, Hot flashes, Migraine, Palpitations, Paroxysmal tachycardia, Stroke symptoms, Varicose veins

· Dermatologic Conditions:  Acne, cystic, Facial hair, Facial erythema, Hypohidrosis, Pigmentation disorders, Skin disorders 

· EENT Conditions: Conjunctival or retinal hemorrhage

· Endocrine Conditions: Goiter, Menopause, Pituitary abnormalities

· Gastrointestinal Conditions:  Abdominal bloating, Appetite disturbance and Eating Disorders, Bleeding gums, Constipation, Colitis

· Genitourinary Conditions: Urinary frequency

· Gynecological Conditions: Breast symptoms, Cervical dysplasia, Endometriosis, Fibroids, Mittelschmerz, Toxemia of pregnancy

· Hematological Conditions: Porphyria
· Hepatobiliary Conditions: Gall bladder disorders

· Metabolic Conditions: Hypoglycemia, Fatigue, Fluctuations in weight

· Musculoskeletal Conditions:  Arthritis:  often associated with fibromyalgia, Carpal tunnel syndrome, Fibromyalgia

· Neurological Conditions:  Accident proneness, Clumsiness, Epilepsy, Formication, Headache, Paresthesias, Sciatica

· Ophthalmological Conditions: Glaucoma, Optic neuritis

· Pulmonary Conditions:  Allergic rhinitis/ sinusitis:  decreased mucous membrane tonicity, Asthma

· Reproductive Conditions: Infertility, Libido changes


Natural progesterone was first produced in the laboratory in 1938 by Dr. Russell Marker from diosgenin extracted from Dioscorea. It should be noted, however, that the conversion of diosgenin to progesterone does not occur naturally in the human body, nor does unfermented Dioscorea naturally contain progesterone. Natural progesterone is biologically identical to endogenous progesterone.  Natural progesterone used in physiologic doses has relatively few undesirable effects. In larger doses, natural progesterone can cause symptoms of euphoria, withdrawal bleeding, dizziness, orthostatic hypotension, breast sensitivity, and sleepiness/ drowsiness. 

Progesterone is the primary progestational hormone found in humans. In contrast to progesterone, "progestin" is the term used for synthetic derivatives, which differ structurally from progesterone such as medroxyprogesterone acetate (Provera), megestral acetate, and lovonorgestrel. Progestins are found to cause significantly more adverse reactions than natural progesterone.
 "Progestogen" is the term used applied to any substance possessing progestational activity and can refer to progesterone or a progestin. 

Adverse Reactions Reported with MPA

· Breast tenderness and galactorrhea 

· Sensitivity reactions such as urticaria, pruritis, edema, or rash

· Acne, alopecia, and hirsutism 

· Edema, weight changes (increase or decrease) 

· Cervical erosions and changes in cervical secretions

· Choleostatic jaundice 

· Mental depression, pyrexia. nausea, and insomnia 

· Anaphylaxis 

· Thrombophlebitis (1( side effect of synthetic analogues) and pulmonary embolism  

· Breakthrough bleeding, spotting, amenorrhea, or changes in menses 

Use of progesterone can be topical or oral (micronized progesterone or Prometrium(; has peanut oil in it). Progesterone is stored in adipose tissue, hence it is difficult to cycle.  

Progesterogenergic Botanicals 


"Progesterogenergic" botanicals have progesterone-promoting effects. Many progesterogenergic botanicals are plant-derived medicines that have a long history of traditional use for progesterone deficient disorders. Progesterogenergic botanicals include Vitex agnus castus, Eleutherococcus senticosus, Mitchella repens , Silybum marianum, Viburnum prunifolium, Alchemilla vulgaris, and Dioscorea villosa. Progesterogenergic botanicals can be prescribed from day 14 - 28 to support the luteal phase of the menstrual cycle. Vitex is considered one of the more effective progesterogenergic botanicals. Many excellent studies on Vitex have demonstrated its progesterone effects.

	Estrogen
	Progestin (not progesterone!!!)

	Excess
	Deficiency
	Excess
	Deficiency

	Nausea, bloating, cervical mucorrhea, cervical polyposis, melasma, hypertension, migraine, headache, breast, fullness or tenderness, edema
	early or midcycle breakthrough bleeding; increased spotting, hypomenorrhea
	Increased appetite, weight gain, tiredness, fatigue, hypomenorrhea, acne, oily scalp, hair loss, hirsutism, depression, monilial vaginitis, breast regression
	late breakthrough bleeding, amenorrhea, hypermenorrhea


Adapted from Drug Facts and Comparisons, 2000 ed, p 234
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