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PHARMACOLOGY OF GONADAL HORMONES: ESTROGENS &PROGESTINS   

 
Date: Friday, March 21, 2014 – 9:30 & 10:30 am 
Reading Assignment: Katzung Chapter 40 
 
 
KEY CONCEPTS & LEARNING OBJECTIVES 
 
A. To describe the physiological actions and pharmacological effects of estrogens and 

progestins those are relevant to their clinical uses. 
B. To describe the adverse effects and contraindications to use of estrogens and progestins. 
C. To describe the current strategies for the use of estrogens and progestins in oral 

contraceptives and in hormone replacement therapy in menopause. 
D. To describe pharmacological actions and clinical uses of selective Estrogen Receptor 

Modulators (SERMs). 
 
Drugs/Hormones Discussed: 
 
Estrogens and related Progestins and related 
 
Estradiol 
Ethinyl estradiol 
Conjugated equine estrogens 
Estradiol Transdermal 
Diethylstibestrol/DES 
Tamoxifen, Clomiphene, Raloxifene 
(SERM) 
Fulvestrant (ER antagonist) 
Anastrozole, Letrozole, Exemestane, 
Formestane (Aromatase inhibitors) 

 
Norgestrel 
Etonogestrel 
Medroxyprogesterone 
Levo-norgestrel 
Norethindrone 
Mifepristone (PR antagonist)   

 
 
Gonadal Hormones: 
 Estrogens 
 Progestins 
 Androgens 

 
 

I. ESTROGENS: Major secretary product of ovary, also formed in the liver  
                            from estriol and also produced in peripheral tissue from androgens. 

II. PROGESTINS: Are synthesized in the ovary, testis and adrenal from circulating      
                      cholesterol. It is also synthesized by the placenta during pregnancy. 

III. ANDROGENS: Are synthesized mainly by testis (95%) and in adrenal glands (5%). 
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I. ESTROGENS: PHYSIOLOGY AND PHARMACOLOGY 

 
            Natural Estrogens: 
 

 Estradiol 17ß (E2); most estrogenic in action. 
 Estrone (E1); somewhat less estrogenic. 
 Estriol (E3); not very active metabolite. 

 

 
Synthetic Estrogens: 
 
Synthetic Steroidal 
 Ethinyl estradiol 
 Mestranol 
 Quinestrol  

 

 
 
 
Synthetic Nonsteroidal  
 Diethylstilbestrol 
 Chlorotrianisene  
 Methallenestril 

 

 
Diethylstilbestrol 
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 HYPOTHALAMIC-PITUITARY REPRODUCTION AXIS: 

 

 
 
 
 
 GnRH (Gonadotropin-Releasing Hormone) is secreted by hypothalamus in pulses and 

travels through hypothalamic-pituitary portal system to stimulate gonadotroph cells of the 
anterior pituitary gland. These cells increase the synthesis and secretion of LH 
(Luteinizing Hormone) and FSH (Follicle-stimulating Hormone). 

 In female, LH stimulates the Thecal cells to synthesize androgen, which is aromatized to 
estrone and estradiol in the Granulosa cells via FSH action. 

 In male, LH stimulates testicular Leydig cells to increase the synthesis of Testosterone, 
which diffuses to neighboring Sertoli cells. 

 Both Sertoli and Granulosa cells synthesize and secrete, Inhibin A Inhibin B and Activin. 
Inhibins inhibit the release of FSH, while Activin stimulates FSH release. Inhibins or 
Activin do not regulate LH release. 

 In the male, testosterone works as a negative regulator of pituitary gland and 
hypothalamic hormone release. 

 In female, estrogen’s role is more complex and can work as positive or negative 
feedback depending on the prevailing hormonal milieu. 
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 BIOSYNTHESIS AND METABOLISM OF ESTROGENS: 
 

 
 
 

 BASIC MECHANISM OF STEROID HORMONE ACTION: 
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a) Hormone diffuses into target cell and binds to receptor in cytoplasm or nucleus. 
b) Hormone-receptor complex dimerizes in nucleus and binds to specific regions on DNA; 

complex w/ co-activators and co-repressors. 
c) Complex promotes or inhibits transcription of specific genes. 

 
D.  PHYSIOLOGICAL ACTIONS OF THE ESTROGENS: 
           1.  Reproductive actions: 
             a. Growth, development, and maintenance of primary and secondary female sex   
                             characteristics. 
        b.  Physiological changes at puberty and adolescence (e.g., growth, epiphyseal  
                        closure of bones). 
             c. Neuroendocrine regulation of the menstrual cycle; negative feedback and  
                             positive feedback regulation of gonadotropin secretion. 
             d. Stimulates growth (proliferation) of uterine endometrium. 
        e. Stimulates secretion of thin cervical mucus (facilitates sperm transport).   
  

2. Metabolic actions:  
a. Increases circulating High Density Lipoproteins (HDL), decreases low density  

lipoproteins (LDL). 
b.  Increases cholesterol saturation of bile (thus lack of E2 leads to gallbladder 
stone). 
c.  Increases blood pressure via increased synthesis of renin substrate.   
d.  Increases synthesis of clotting factors, increased # of platelets and platelet    
     aggregation.     
e.  Decreases bone resorption; physiological role in bone remodeling. 
 

3.  Higher CNS functions: 
a. Positive effects on mood, cognition, memory. 
b. ‘Neuroprotective “effects: protective against damage from ischemia, 

neurodegenerative disorders. 
 
E.  PHARMACOKINETICS: 
            1.  Biological Activity: E2 > E1 >>> E3. 

2.  Well absorbed from GI tract and transdermally; substantial first pass  
      metabolism of estrogens in liver after oral administration. 
3.   E2 is metabolized mainly to E1 and conjugated; E2 is more rapidly  

metabolized than the analogues used clinically (e.g. ethinyl E2). 
4.  Pharmacokinetic drug interactions:   
     a. Agents that induce cytochrome P450 enzymes can enhance metabolism and    
         Interfere w/ therapeutic actions (e.g., unwanted pregnancies).  Examples:    

                     rifampin, phenytoin, carbamezepine, phenobarbital, topiramate,  
                     St. John’s Wort. 

     b.Some antibiotics (penicillin, tetracycline) may reduce bioavailability  
        by altering intestinal flora. 
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F.  CLINICAL USES OF ESTROGENS: 
              1.  As a component of OC; mainly ethinyl estradiol. 
              2.  In HRT during menopause (Premarin ® most widely used). 
              3.  HRT for hypogonadism in women.   
              4.  Rx of dysmenorrhea, dysfunctional uterine bleeding (oligomenorrhea) and  
                   some amenorrheic states; perimenopause.   
              5.  Rx of delayed puberty. 
              6.  Rx of acne (Ortho-Tri-Cyclen ®; Estrostep ®).  
 
F.1   ESTROGEN PREPARATIONS: 
 
 Drug Description: 

 Conjugated estrogens (e.g. Premarin). 
 Estradiol (e.g. Estrace and others). 
 Estradiol Transdermal (e.g. Climara, Estraderm, etc.). 
 Ethinyl Estradiol. 
 Diethylstilbestrol/DES (e.g. Stilphostrol). 

Drug Indication: 
 Vasomotor symptoms of menopause. 
  Vulvar and vaginal atrophy. 
  Female hypoestrogenism secondary to hypogonadism    

             castration or primary ovarian failure. 
  In combination with other therapeutic measures to retard bone loss  

             and osteoporosis in post-menopausal women. 
 
Side Effects: 
 Nausea & vomiting 
  Edema 
  Headache 
  Breast tenderness 
  Venous thrombosis 
  Breakthrough bleeding 
  Estrogen alone (without progesterone) causes endometrial 

             hyperplasia and possible endometrial carcinoma. 
  Increased incidence of adenocarcinoma of the vagina in  

             female offsprings of patients who have taken Diethylstilbestrol  
             for advanced prostate cancer. 
Contraindication: 
 Breast & Endometrial cancers. 
  Cerebral vascular coronary artery disease. 
  Benign or malignant liver tumors. 
  Sever hypertension. 
  Pregnancy 
  Female smokers over 35 years of age. 
  Thrombotic disorders. 

 



Pharmacology & Therapeutics  Gonadal Hormones: Estrogens & Progestins 
March 21, 2014  Ajay Rana, Ph. D. 

 7

F.2   CLINICAL USES OF SELECTIVE ESTROGEN RECEPTOR MODULATORS 
(SERMS): 
SERMS are Estrogen antagonist in some tissues and estrogen agonist in other tissues. The basis 
for tissue selectivity may be related to tissue-specific expression of estrogen-receptor subtypes 
and the differential ability of the ligand-receptor complex to recruit transcriptional co-activators 
and co-repressors, and differential binding of transcription factors to receptor-ligand-.co-
activators /co-repressors complex. 
 
 Drug Description: 

Tamoxifen 
 
Drug Indications: 
Tamoxifen is used for prevention, palliative and as an adjuvant therapy for breast cancer. 
 
Mechanism of Action: 
It acts as an estrogen receptor antagonist in breast tissue and as a partial agonist in endometrium 
and bone. 

 
Side Effects: 
 Malignant neoplasma of endometrium  
  Cataract,  
  Pulmonary embolism 
  Hot flashes 
  Abnormal menstruation 
  Vaginal discharge 

 
Contraindication: 
 History of deep vein thrombosis or pulmonary embolism 
  Pregnancy 

 
Therapeutic Considerations: 
 Tamoxifen administration is associated with 4-6 fold increase in the incidence of 

endometrial cancer. 
  Administered for no more than 5 years, to minimize the risk of endometrial cancer. 

 
 Drug Description: 

Clomiphene  
 
Drug Indications: 
Used for female infertility due to ovulatory disorder 
 
Mechanism of Action: 
An estrogen receptor antagonist in hypothalamus and pituitary gland, and partial agonist in 
ovaries; disinhibits GnRH release and increases the level of LH and FSH. The increased FSH 
stimulates follical growth, LH surge and ovulation. 
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Side Effects: 
 Thromboembolism  
  Ovarian cysts and hypertrophy 
  Flushing and vasomotor symptoms 
  Abdominal discomfort 

 
Contraindication: 
 Pregnancy 
 Thyroid or adrenal dysfunction 
  Liver disease 
  Endometrial carcinoma 
  Ovarian cysts 
  Organic intracranial lesion 

 
Therapeutic Considerations: 
Unlike exogenous FSH, clomiphene use is rarely associated with the ovarian hyperstimulation 
syndrome. 
 
 Drug Description: 

Raloxifene  
 
Drug Indications: 
Osteoporosis prevention and treatment 
 
Mechanism of Action: 
Estrogen receptor agonist in bone and estrogen receptor antagonist in uterus and breast 
Side Effects: 
 Retinal vascular occlusion                  
 Venous thromboembolism  
 Hot flashes 
 Leg cramps 

 
Contraindication: 
 Pregnancy 
 History or presence of venous thromboembolism  

 
Therapeutic Considerations: 
Decreases risk of invasive breast cancer in postmenopausal women with osteoporosis 
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F.3   CLINICAL USE OF ESTROGEN RECEPTOR ANTAGONIST: 
 
 Drug Description: 

Fulvestrant  
 
Drug Indications: 
Treatment of estrogen receptor positive metastatic breast cancer in postmenopausal women with 
disease progression following anti-estrogen therapy. 
 
Mechanism of Action: 
Competitively inhibit estrogen binding to receptor, blocking the action of estrogen on target 
tissues. 
 
Side Effects: 
 Nausea 
  Asthenia 
  Pain  
  Vasodilation (hot flashes) 
  Headache 

 
Contraindication: 
Pregnancy 
 
Therapeutic Considerations: 
Pure estrogen receptor antagonist with no agonist activity 
 
F.4   CLINICAL USE OF AROMATASE INHIBITORS: 
 
 Drug Description: 
 Anastrozole  
  Letrozole  
  Exemestane  
  Formestane  

 
Drug Indications: 
Treatment and prevention of estrogen receptor positive early-stage, locally advanced, and 
metastatic breast cancer 
 
Mechanism of Action: 
Anastrozole and Letrozole are competitive inhibitors of aromatase, the enzyme that catalyzes the 
formation of estrogens from androgen precursors (i.e. androstenedione). Exemestane and 
Formestane are irreversible (covalent) inhibitors of aromatase. 
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Side Effects: 
 Osteoporotic fractures 
  Thrombophlebitis  
  Hypercholesterolemia 
  Profuse vaginal bleeding 
  Peripheral edema 
  Rash 
  Nausea 
  Arthralgia  
  Bone pain 
  Headache 
  Depression 
  Dyspnea  

 
Contraindication: 
Hypersensitivity to all aromatase inhibitors  
 
Therapeutic Considerations: 
 Aromatase inhibitors may be more effective than SERMs for the treatment of breast 

cancer. 
  Extreme suppression of estrogen action could lead to high risk of osteoporotic fractures 

in women taking aromatase inhibitors. 
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II. PROGESTINS: PHYSIOLOGY AND PHARMACOLOGY 
     The naturally occurring progestin is progesterone. There are several synthetic progestins and   
     they are not a uniform group of compounds. A new group of third generation of synthetic  
     progestins has also been introduced principally as components of oral contraceptives  
     (e.g. Desogestrel, Norethynodrel, etc). 
 
A.  PHYSIOLOGICAL ACTIONS OF PROGESTERONE: 
 

1. Neuroendocrine regulation of the menstrual cycle; esp. negative feedback during  
luteal phase.  

2. Transforms estrogen-primed proliferative uterine endometrium to secretory  
      endometrium; essential for implantation of fertilized ovum (nidation). 
3.   Transforms cervical mucus to thick and viscous (inhibits sperm transport). 
4.   Increase in body temperature (0.5-1.0° F) at ovulation and during luteal phase. 
5.   Essential for maintenance of pregnancy; Inhibits uterine contractility during  
      pregnancy, and also suppresses immune responses. 
6.   Stimulates development of mammary gland in preparation for lactation. 
7.   Antagonizes some, but enhances other, actions of estrogens. 

 
B.  PHARMACOKINETICS OF PROGESTINS 
            Similar to the estrogens 
 
C.  CLINICAL USES OF PROGESTINS 
 

1.  As OC alone, or a component of OC. 
2.  In HRT during menopause (mainly medroxyprogesterone) for endometrial       
     protection. 
3.  Rx of oligomenorrhea or amenorrhea. 
4.  Rx of polycystic ovary syndrome. 
5.  Rx of endometriosis. 
 

D.PHARMACOLOGY OF ORAL CONTRACEPTIVES: 
 
Three Major Types: 
 Progestin-Only 
 Combination (COCs) 
 Emergency 

 
D.1   Clinical use of Progestin-Only Contraceptives: 
 
 Drug Description: 
 Norgestrel  
 Norethindrone  
 Medroxyprogesterone acetate (injectable) 
 Etonogestrel (implant) 
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Drug Indications: 
Contraception 
 
Mechanism of Action: 
Alter frequency of GnRH pulsing and decrease anterior pituitary gland responsiveness to GnRH. 
Secondary mechanisms of pregnancy prevention include alterations in tubal peristalsis, 
endometrial receptivity, and cervical mucus secretions, which together prevent the proper 
transport of both egg and sperm.  
 
Side Effects: 
 Irregular periods 
  Breast tenderness 
  Nausea 
  Dizziness 
  Headaches 

 
Contraindication: 
 Acute liver disease 
  Benign or malignant liver tumors 
  Known or suspected breast cancer 
  Pregnancy 

 
Therapeutic Considerations: 
During spotting, irregular and light menstrual periods: Medroxyprogesterone acetate can be 
given parenterally every 3 months. Etonogestrel (implant) is effective for 3 years, and 
Levonorgestrel (orally) can be used in case of emergency contraception. 
 
KEY CONCEPTS ON COCs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Pharmacology & Therapeutics  Gonadal Hormones: Estrogens & Progestins 
March 21, 2014  Ajay Rana, Ph. D. 

 13

 COCs consist of an estrogen, usually EE, and a progestin, usually a 19-nortestosterone 
agent.  The classic regimen is 21 days on/7 days placebo. 

 Efficacy: approx. 0.1% incidence of accidental pregnancy in 1st year. 
 Mechanism: primarily negative feedback on gonadotropin secretion; progestin may 

thicken cervical mucus. 
 
D.2   Clinical use of Estrogen-Progestin (combination) Contraception: 
 
 Drug Description: 

Estrogens:  Ethinyl estradiol, Mestranol 
Progestins: Norgestrel, Levonorgestrel, Norethindrone, Norethindrone acetate,   
                    Ethynodiol, Norgestimate, Gestodene, Desogestrel, Drospirenone  

   
Combinatin OC Examples: 
EE + norgestrel (Lo/Ovral 28®) 
EE + drospirenone (Yasmin ®) 
 
Drug Indications: 
Contraception 
 
Mechanism of Action: 
Supress GnRH, LH and FSH secretion and follicular development, thereby inhibiting ovulation; 
secondary mechanisms of pregnancy prevention include alterations in tubal peristalsis, 
endometrial receptivity and cervical mucus secretions which together prevent the proper 
transport of both egg and sperm. 
 
Side Effects: 
 Arterial and venous thromboembolism  
  Pulmonary embolism 
  Cerebral thrombosis 
  Gallbladder disease 
  Hypertension 
  Hepatic neoplasm 
  Abnormal menstruation 
  Breakthrough bleeding 
  Breast tenderness 
  Bloating symptoms 
  Migraine 
  Weight change 

 
Contraindication: 
 Breast cancer 
  Endometrial cancer or estrogen-dependent neoplasm.  
  Cerebral vascular or coronary artery disease. 
  Cholestatic jaundice of pregnancy or jaundice with prior hormonal contraceptive use. 
  Benign or malignant liver tumors 
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  Severe hypertension 
  Prolonged immobilization 
  Pregnancy 
  Female smokers over 35 years of age 
  Thrombotic disorders 

 
Therapeutic Considerations: 
 Progestins vary in their androgenic activity. 
  Norgestrel and levonorgestrel have the highest androgenic activity. 
  Norethindrone and norethindrone acetate have medium androgenic activity. 
  Ethynodiol, norgestimate, gestodene and desogestrel have low androgen receptor cross    

reactivity. 
  Drospirenone is a synthetic progestin which has anti-androgenic activity. 
  Combination estrogen-progestin contraceptives are available in various forms in the   

 market, like oral tablets, vaginal rings, transdermal patches. 
  Levonorgestrel is used as morning-after contraception. 
  Lowest effective dose of ethinyl estradiol is preferred to reduce the risk of deep vein    

Thrombosis. In a woman with uterus, estrogen is always coadministered with a progestin, 
to avoid risk of endometrial cancer due to estrogen alone. 

 
D.3   Clinical use of Progesterone Receptor Antagonist: 
 
 Drug Description: 

Mifepristone (RU-486) 
 
Drug Indications: 
Abortion (through day 49 of pregnancy) 
 
Mechanism of Action: 
Inhibits progesterone binding to receptor 
 
Side Effects: 
 Prolonged bleeding time 
  Bacterial infections 
  Sepsis 
  Nausea 
  Vomiting 
  Diarrhea 
  Cramps 
 Headache 

Contraindication: 
 Chronic adrenal failure 
  Ectopic pregnancy 
  Hemorrhagic disorders 
  Anticoagulation therapy 
  Inherited porphyrias  
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  Intrauterine device 
  Undiagnosed adnexal mass 

 
Therapeutic Considerations:  
 Commonly administered in conjunction with misoprostol, a prostaglandin analogue that 

stimulates uterine contractions; co-administration of misoprostol can cause nausea and 
vomiting. 

  Higher concentration of mifepristone also blocks the glucocorticoid receptors. 
 
D.4   EMERGENCY (morning after) CONTRACEPTION: 
 Refers to use of medication to prevent unwanted pregnancy after unprotected 

intercourse/post-coital.  
 Historically estrogen-progestin combination therapy was in practice; which was not 

approved by FDA. 
  FDA has now approved use of two doses of “minipill” (0.75mg of levonorgestrel),      

 separated by 12 hrs. 
  Levonorgestrel is a potent progestin that can block the LH surge, disrupting normal 

ovulation, and produce endometrial changes for implantation. 
  The first dose should be taken anytime within 72 hrs after intercourse and second dose 

after 12 hrs of first dose. 
 
ADVERSE EFFECTS: 
 Nausea/vomiting 
 Headache 
 Dizziness 
 Mastalgia  

 
SUGGESTED MECHANISMS: 
 Inhibition of ovulation via strong negative feedback 
 Impairment of sperm transport 
 Interference w/ endometrial receptivity 

 
 
D.5   HORMONE REPLACEMENT THERAPY IN MENOPAUSE: 
“Menopause is not a disease, but it does have serious clinical sequel.”- R. Lobo, 1999 
 
Physiology of Menopause: defined (retrospectively) as the last menstruation; diagnostically if 
one year since last menses and plasma FSH > 25 mIU/ml. Avg. age in U.S. fitting this definition: 
51 yrs w/ large variation; range 40-58 years. 

1. Physiological basis: exhaustion of supply of ovarian follicles, loss of cells that secrete   
estradiol, progesterone; estradiol reduced to castrate levels; less active estrone from   
conversion of androgens; removal of negative feedback elevates the gonadotropins, no    
cycles. 

2. Perimenopause: transition to menopause, early onset of symptoms, esp. vasomotor,   
insomnia, mood changes, irregular cyclicity; may begin in late 30’s, early 40’s. 
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KEY CONCEPT: Most adverse events in menopause result from estrogen deficiency.   
 
 
Early symptoms 

Physical changes 
(intermediate) 

Disease development 
(Longer term) 

Vasomotor instability 
(70%) 
 

Urogenital atrophy (60%) Osteoporosis 

Insomnia (55%) 
 

Urinary incontinence Cardiovascular disease (?) 

Fatigue (90%) Recurrent genital tract 
infection 
 

 
Dementias (?) 

Mood changes (90-95%) 
 

Skin atrophy, loss of 
collagen 

 

(% reporting) 
 
Major indications for HRT in menopause: 

1. vasomotor instability (hot flashes or flushes, night sweats) 
2. mood changes 
3. urogenital atrophy 
4. prevention and Rx of osteoporosis 

 
HRT preparations commonly used: 

1. conjugated equine estrogens (Premarin®, Cenestin ® ), usually 0.625 mg/day, po 
2. micronized estradiol (Estrace®), po 
3. E2-17ß in skin patch (Vivelle®) 
4. Medroxyprogesterone (Provera®, Cycrin®), po 
5. Combination products: Prempro®, Premphase ®: Premarin ® plus Cycrin ®, po 

            - CombiPatch®: transdermal E2-17ß plus norethindrone 
 
Effects of HRT: 

1. Relief from vasomotor symptoms; urogenital atrophy and recurrent urinary symptoms 
2. Relief from fatigue, depression 
3. Maintenance of bone mineral density 

 
 
 
Common adverse effects of HRT: 
 
KEY CONCEPTS: Biological activities of estrogens used in HRT are generally lower than in 
OCs. The absolute and relative contraindications to estrogen use are similar to those for OCs.   

1. estrogen component assoc w/  nausea, mastalgia, headache, fluid retention 
2. progestin component assoc w/ weight gain, headache 
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 HRT and Cancer: 
1. Endometrial cancer:  Unopposed estrogen taken for 5 years increases the risk of  

endometrial hyperplasia and cancer by 5-fold , and by 8-fold if taken for longer than 5 
years.  Risk is nearly eliminated by addition of progestin. 

      2.  Breast Cancer:  
a.  Little or no increased risk for HRT < 5 yrs  
b.  Women’s Health Initiative reports relative risk (RR) of 1.26 for approx. 5 years of  
     HRT, and perhaps decreased with ERT 
c.  HRT for 10-15 yrs RR ~1.3, from U.S. studies 
d.  Results from the Million Women Study (UK) (see Lancet 362: 414-427, 2003): 

 
1. Overall relative risk for breast cancer incidence in current users vs. never-users was  
    1.66. 
2. Overall relative risk of breast cancer death was 1.22, same comparison. 
3. Risk increase with duration of use. 
4. No risk for past users. 
5.  Risk was higher in estrogen+progestin vs. estrogen alone; Progestin component now  
     believed to contribute significantly. 
6. No differences continuous v. sequential regimens or specific compounds; no  

           difference oral vs. transdermal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


