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" Hormonal drugs, synthetic substitutes and antagonists " 

1. Actuality of theme. Rationale for the topic.

Hormones are incretory substances of endocrine glands. They control the growth and development processes of organism, reproductive processes, model the defense reactions by influencing the metabolism. They are highly biologically active and specifically active. Hormonal preparations are widely used not only in clinical endocrinology but also in other fields of medicine (replacement, stimulating and non – specific therapy). Hormonal preparations together with antihormonal drugs can be used for suppression of endocrine glands function.
Steroid hormone preparations and anti – hormonal drugs are widely used in medicine for the specific therapy (treatment of diseases arising from a deficiency or excess of certain hormones), and as an agents of non – specific medication to treat non – endocrine pathology. Moreover, the development of modern contraceptives is one of the important directions of pharmacology and medicine. However, oral contraceptives are not safe drugs. Their appointment must be strictly reasonable and based on clinical and laboratory studies of hormonal background of women. Anabolic agents also play an important role in metabolic pharmacology and therapeutic practice. However, anabolic of steroid structure agents have many unwanted effects in the case of irrational use.


2. Objectives of the lecture (purpose): 
· training
• Know: pharmacology of hormones,  synthetic substitutes and antagonists.
• Be able to: justify the choice and prescribe hormones in various dosage forms, solve test problems, situational and pharmacotherapeutic problems.
·  educational 

·  Formation of a modern professional outlook by emphasizing the indispensability of the use of knowledge of hormones in the practice of physicians.
3. Lecture plan and organizational structure.

	№ п/п
	The main stages of the lecture and their content
	Goals in degrees of abstraction
	Type of lecture. 
Lecture equipment
	Time distribution

	І.
	Preparatory stage
	
	
	

	1.
	Defining a learning goal
	
	
	5%

	2.
	Providing positive motivation.
	
	
	

	ІІ.
	The main stage
	
	
	

	3.
	Presentation of lecture material according to the plan:
1. Classification of hormonal drugs
2. Hormones of protein and aminoacid structure
3. Hormones of steroid structure
4. Contraceptives

	
	Combined, methodical developments, presentation, multimedia projector
	90%

	ІІІ.
	The final stage
	
	
	

	
	Resume. Conclusions.
	
	
	5%

	
	Answer the question.
	
	
	

	
	Tasks for self-preparation.
	
	
	


4. Contents of lecture material:
" Hormonal drugs, synthetic substitutes and antagonists "

Hormones are the biological active substances that are produced by endocrine glands. They possess high activity being present in small doses. Hormones regulate processes of reproduction, growth, development of organism and model it’s protective reactions. 
CLASSIFICATION OF HORMONAL DRUGS 
(by chemical structure)
♦ Substances of protein and polypeptide structure — drugs of hormones of hypothalamus, pituitary, epiphysis, parathyroid and pancreas 
♦ Derivatives of amino acids — drugs of hormones of thyroid gland, adrenal medulla 
♦ Steroidal compounds — drugs of hormones of adrenal cortex and gonadal hormones, prostaglandins
MECHANISMS OF HORMONES ACTION
Hormones interact with specific receptors, located on cellular membranes or intracellularly. Hormones of protein structure predominantly bind with receptors on cellular membranes. Mostly these receptors are cooperated with adenylate cyclase system, which stimulating leads to increasing of cAMP forming, and it’s through protein kinases influence on intracellular processes. Adenylatecyclase, cAMP and calcium-ions are mediators among receptors and intercellular processes. Steroid hormones enter cells of target tissues and binds to an intracellular specific receptor. The hormone receptor complex translocates into the nucleus and binds to nucleotides on various genes and regulate their transcription and proteins synthesis.
HORMONES OF PROTEIN AND AMINOACID STRUCTURE
Hypothalamic and Pituitary Hormones
Six anterior pituitary hormones are recognized: Somatotropin (growth hormone), Thyrotropin (TSH), Adrenocorticotropin (ACTH), Follicle-stimulating Hormone (FSH), Luteinizing Hormone (LH), and Prolactin (PRL).
Somatotropin (growth hormone) is a peptide hormone. It’s deficiency leads to short stature. Pharmacologic doses of growth hormone cause longitudinal growth indirectly via another class of peptide hormones, the somatomedins, or insulin-like growth factors that are synthesized predominantly in the liver. Also somatotropin stimulates growing of skeletal muscle and organs. It increases protein synthesis, which results in nitrogen retention. Somatotropin is indicated for longterm treatment of growth failure in children caused by pituitary growth hormone deficiency (pituitary dwarfism). Adverse effects often include arthralgia and fluid retention.
Somatostatin is found in the hypothalamus. Somatostatin has limited therapeutic usefulness because of its short duration of action (halflife 2–3 minutes) and its multiple effects on many secretory systems. Octreotide is synthetic analogous of somatostatin. It is more potent than somatostatin in inhibiting growth hormone release. Because of this relatively reduced effect on pancreatic β-cells, octreotide has been particularly useful in treating acromegaly and carcinoid tumors (gastrinoma, glucagonoma) without provoking hyperglycemia. The serum half-life of octreotide is about 80 minutes. Adverse effects of therapy include biliary sludge and steatorrhea.
Thyrotropin is normally secreted as part of a feedback system of thyroid hormone level regulation. Indicated as an adjunct for distinguishes between secondary (pituitary) and tertiary (hypothalamic) hypothyroidism.
Adrenocorticotropin primary endocrine function is to stimulate synthesis and release of cortisol by the adrenal cortex. Corticotropin is an ACTH that is obtained from porcine or bovine pituitary glands. Synthetic human ACTH is known as cosyntropin. Both animal and synthetic corticotropin are well absorbed by the intramuscular route. Corticotropin is indicated as an aid in diagnosing adrenocortical insufficiency and after prolonged using of glucocorticoids for restoring of adrenal’s cortex functioning. But it may also cause depression of ACTH production. The toxicity of therapeutic doses of ACTH resembles that of the glucocorticoids with the added mild virilism (hyperandrogenism) in women.
Luteinizing hormone acts on testicular Leydig cells to stimulate testosterone production. In the ovary, LH acts on the mature follicle to induce ovulation, and it stimulates the corpus luteum in the luteal phase of the menstrual cycle to produce progesterone. Human chorionic gonadotropin is a hormone produced by the human placenta and excreted into the urine, whence it can be extracted and purified. It is very similar to LH in structure. HCG can be used in combination with human menotropins to induce ovulation in women and for stimulation of testosterone secretion by the testes of men with hypogonadotropic hypogonadism. HMG and HCG are administered intramuscularly. Androgen-dependent neoplasia and precocious puberty are contraindications to HCG use.
Gonadotropin-releasing hormone (GnRH) is produced by hypothalamus and controls the release of gonadotropins (FSH, LH). Pharmaceutical GnRH is synthetic.
Prolactin is the principal hormone that stimulates the development of mammary glands and lactation.
Two posterior pituitary hormones are known: Vasopressin and Oxytocin. Their structures are very similar. Pharmaceutical vasopressin and oxytocin are synthetics. In pharmacologic doses, Oxytocin can be used to induce uterine contractions and maintain labor. It can also be used for control of postpartum uterine hemorrhage.
Vasopressin (antidiuretic hormone, ADH) possesses antidiuretic and vasopressor properties.
THYROID AND ANTITHYROID DRUGS
Dysfunction of thyroid
1. Euthyreoism (without thyroid dysfunction): euthyroide goiter (endemic, sporadic, medicinal, conditioned by the goitrogenic substances contained in food); thyroid neoplasia (adenoma, teratoma, papillar, follicle carcinomas, sarcoma, etc.), thyroiditis (acute, subacute, chronic — autoimmune Hashimoto’s thyroiditis, etc.) 
2.  Hyperthyroidism (thyreotoxicosis): as a result of ↑ thyroid hormones secretion: diffuse toxic goiter (Graves’, Basedow’s disease), nodular (multinodular) toxic goiter, etc. 
 due to thyroid hormones secretion outside the thyroid: struma ovarii, metastases of the thyroid cancer, not associated with the thyroid hormones hypersecretion: overdosage of the thyroid hormone drugs, etc. 
3.  Hypothyroidism (mixedema): primary: because of ↓ functioning tissue (congenital, postoperative, viral, postradiation, outcome of autoimmune thyroiditis, against a background of neoplasms); because of ↓ thyroid hormones synthesis (endemic, sporadic, medicinal, food) central genesis: pituitary (secondary), hypothalamic (tertiary), because of disturbance of transport, metabolism and action of thyroid hormones (peripheral)
DRUGS OF THYROID HORMONES
Levothyroxin, triiodothyronine hydrochloride (liothyronin), combined (thyrocomb), thyroidin 

Indications 
♦ Replacement therapy: hypothyroidism — prolong treatment (levothyroxin), coma (triiodothyronine hydrochloride) 
♦ Inhibiting therapy (malignant tumours of the thyroid) Adverse effects 1) Overdosage (signs of hyperthyroidism) 2)Action ↑ by salicylates (↓ their binding with proteins)
ANTITHYROID DRUGS
Thioamides: mercazolil (methimazole), propylthiouracil
Indications 
♦ Diffuse, mixed toxic goiter 
♦ Thyreotoxic crisis 
♦ Postoperative relapses 
Adverse effects 
• ↓ hematosis (leukopenia, agranulocytosis, anaemia) ⇒ blood analysis once a week! 
• The “goitrogenic” effect and ↑ vascularization (↑ TTH by feed-back type) ⇒ impedes the surgical treatment 
• Allergic (in 3–6 weeks): itching, urticaria, lymphadenopathy, arthralgias 
• Seldom: headaches, neurites, polyneurites; dispeptic phenomena; cholestatic jaundice; fever, lupus erythematosus
Iodides: potassium and sodium iodides, Lugol solution (5% iodide solution in 10% potassium iodide solution)
Indications 
♦ Thyreotoxic crisis (↓ symptoms during 2–7 days) 
♦ Preparation of patients to the operation on thyroid gland after or against a background thioamides (↓ size and vascularization of the thyroid) 
♦ Prophylaxis of endemic goiter 
♦ Prophylaxis of relapse after the surgical removing or conservative treatment 
Adverse effects 
• ↑ iodide depositing in the gland ⇒ it is possibly slowing down of effects of thioamides and radioactive iodide; is not used as monotherapy; with “withdrawal” syndrome is possible (↑ thyrotoxicosis) 
• Iodism (acne rash, rhinorrhea, cough, conjunctivitis, irritation of gastric mucous, fever, etc.)
DRUGS OF HORMONE OF PARATHYROID GLAND
Parathormone (parathyroidin) 

Pharmacodynamics 
♦ ↑ bone resorption by osteoclasts, ↓ osteoblasts, ↓ Ca2+ capture by bone tissue ⇒ ↓ formation of bone tissue 
♦ ↑ Ca2+ and phosphates absorption in the small intestine 
♦ ↑ tubular reabsorption of Ca2+ in the kidneys ⇒ ↓ its excretion, but ↑ excretion of phosphates! ⇒ ↑ Ca2+ level, ↓ phosphate level in the blood Participation in the phosphoric-calcium exchange and interaction with vitamin D — ↑ Ca2+ and phosphates level in the blood (refer to Topic 20)
 Indications  Replacement therapy: hypoparathyroidism (regular control of Ca2+ in the blood!!!)
DIABETES MELLITUS
A group of metabolic diseases, characterized by hyperglycemia, which is a result of insulin secretion defects, failure of insulin action or both these factors. Chronic hyperglycemia at diabetes combines with the damage, dysfunction and development of insufficiency of different organs, especially the eyes, the kidneys, the nerves, the heart and blood vessels (WHO, 2004)
♦Type I — insuline-dependent (IDDM): severe form, leading to ketoacedosis if untreated 
 more frequent arises at young age (juvenile)  genetically determined autoimmune response against the β-cells antigens of pancreas: insulin is almost absent in the blood, hyperglycemia, glucosuria, hyperglucagonemia, the gland’s β-cells do not respond to all the insulinogenic stimuli 
 introductions of insulin preparations as life-saving indications! ♦Type II — non-insulin-dependent (NIDDM):  more mild forms of diabetes 
 more frequently arises over the age of 40, with obesity  resistance of tissues to insulin, ↓ an ability of pancreas β-cells to response to glucose, aggravate hyperglycemia; thus, concentration of insulin in the blood is sufficient (or ↓ a little) 
 needs a diet, ↓ body weight, administration of oral sugarlowering drugs with ineffective insulin preparations therapy ♦Other types: with genetic defects of β-cells, endocrinopathy, infections, pancreatic diseases, etc. ♦Gestational diabetes (diabetes of pregnant women)
Classification of insulin preparations by duration of action: 
♦Animal origin (by the biosynthetic way made of animal pancreases) — badly purified; middle- (monopeak — MP) and highly- purified (monocomponent — MC): • pork (actrapid, monotard MS, semilente, etc.); differs from the human by 1 amino acid • beef (insulin lente GPP ribbon, the MC ultralente, etc.); differs from the human by 3 aminoacids — has greater antigenicity than beef 
♦Human: • by the half-synthetic method (enzymatic-chemical replacement in the pork insulin of B-30-aminoacid of alanin on treonin): chumodar R, B, etc. • by the genetic-engineering technology: 
recombinant (DNA gene of human proinsulin is placed in E. coli or yeast cell and hydrolyze proinsulin till the molecule of insulin): actrapid NM, humulin regular, etc. 
insulin analogs (replacement of natural sequence of amino acids changes pharmacokinetics — ↑ absorption, T1/2, etc.): humalog (insulin of lizpro), epaidra (insulin glulysin), lantus (insulin glargin), etc.
Drug forms and delivery systems 
♦ Powders for injections: s.c. — with daily administration, i.v. and intraperitonially — at coma 
♦ Solutions for injections: portable injector as a fountain-pen (for multiple s.c. injections at intensive insulinotherapy)  systems with the “closed circle” (infusion systems supervising the glucose level in blood; only at diabetic coma)  systems with the “open cycle” (insulin pumps — a reservoir and pump, programmed for introduction of regular insulin with calculated speed without measuring the glucose level; s.c., i.v., intraperitonially)
 ♦ Aerosols for the intranasal introduction
 ♦ The work on oral forms creation is conducted
PHARMACODYNAMICS OF INSULIN
• Stimuli (glucose, mannoza, amino acids (arginin, leicin), vagus activity) ⇒ ↑ intracellular level the ATP ⇒ closing of ATP-dependent K+-channels ⇒ depolarization of β-cells and opening of Cachannels ⇒ ↑ intracellular level of Ca2+, starting secretion from proinsulin to insulin 
• Insulin → blood (in 2 fractions: unbound with proteins affects all the tissues and bound with plasma proteins — mainly on the fatty tissue) ⇒ insulin + specific receptors (consist of α- and β-subunits) on the surface of cells; by means the endocytosis the complex gets to the cell, where insulin liberates + β-subunits activate, having tyrosinkinase activity 
• The basic effect of hormone — facilitation of glucose transport through membranes in target tissues (the liver, muscular, fatty, lymphoid tissue) ⇒ ↑ its content 2.5 times and more; ↑ its uptake and conversion to glycogen; also ↑ these processes in the insulinindependent organs (brain, kidneys) 
♦↑ cabohydrate metabolism: • ↑ transport of glucose to cells and its phosphorylation by hexokinase and especially (at ↑ hyperglycemia) glucokinase • ⇒ ↑ usage of glucose in metabolism (in energetic exchange (tricarbonic acids cycle), in triglycerides synthesis (delivery of glycerophosphate), in re-amination (delivery of nonessential amino acids for the synthesis of protein) • as a result of ↑ glycogensynthetase — ↑ conversion of glucose into glycogen with renewal of its fund in organs • ↓ gluconeogenesis; ↓ level of sugar in blood and ↓ glycosuria 
♦↑ fatty exchange to the side of lipogenesis (⇒ ↑ body weight in patients suffering from diabetes mellitus): • ↑ triglycerides formation from free fatty acids as a result of glucose income to fatty tissue and glycerophosphate formation • ↓ level of free fatty acids in the blood and ↓ their conversion into the ketone bodies in the liver (acetoacetate, acetone, oxybutirate) — ↓ ketogenesis, ketoacidosis • ↓ formation of VLDLP and cholesterol in the liver
Protein exchange:  ↑ ribosomal synthesis of proteins  economy of fund of amino acids due to ↓ gluconeogenesis, ↑ synthesis of nonessential amino acids  ↑ RNA induced synthesis due to delivery of ribosophosphate and through cGMP  ↑ synthesis and ↓ disintergration of proteins • As a result of anabolic and anticatabolic action of insulin ↑ processes of regeneration broken at diabetes mellitus, growth of sick children is restored • The insulin (s.c.) can be used for ↑ appetite and as an anabolic with exhaustion, furunculosis, thyrotoxicosis, vomiting, chronic hepatitis; to be a part of polarizing mixture (potassium, glucose and insulin) for maintaining myocardial work at cardiac arrhythmias, overdosage by cardiac glycosides; in the psychiatric clinic has been used before for shock therapy conduction in schizophrenia patients (achievement of hypoglycemic coma)
INDICATIONS TO INSULIN DRUGS
• IDDM (s.c.) 
• Ketoacidosis of different degree of severity 
• Comae: diabetic (hyperglycemic, ketoacidotic), lactatacidotic, hyperosmolar — i.v., intraperitonially (only simple insulin!) 
• Diabetes mellitus accompanied with severe somatic pathology (acute myocardial infarction, stroke, pneumonia, trauma, operation) 
• Resistance to the per oral hypoglycemic drugs at diabetes mellitus type 2, and also at presence of contraindications 
• Pregnancy in patients suffering from diabetes mellitus 
• Pancreatectomy 
• A long-term inflammatory process in any organ 
• Exhaustion and rapid loss of weight 
• Severe forms of liver defeat (hepatitis, cirrhosis), skin 
• Stroke and myocardial infarction (relative) 
• Surgical interventions (relative)
SYNTHETIC ANTIDIABETIC DRUGS
Classification 
♦ Derivatives of sulfanylurea: • I generation — butamide, bucarban • II generation — chlorpropamide, glibenclamide (maninil, glicazide) • III generation — glymepiride (amaril) ♦ Biguanides: buformin (glybutide), metformin, etc. 
♦ Different chemical groups: pioglitazone, glucobai, glyfasen, etc.
Indications 
• NIDDM (> 40 years and disease term no > than 5 years) — derivatives of sulfanylurea 
• NIDDM against a background of obesity — biguanides 
• Resistance to insulin
ADVERSE EFFECTS OF ANTIDIABETIC DRUGS
Derivatives of sulfanylurea 
1. Allergic reactions (leukopenia, thrombocytopenia, jaundice, dermatites, etc.) 2. Cardiovascular complications (↑ risk of IHD development, etc.) 3. Gastrointestinal signs (↓ dose is necessary) Biguanides 4. Lactacidemia up to the lactacidemic coma (especially at patients with chronic hypoxia) 5. Metallic taste in the mouth, pain in epigastria, vomiting, diarrhea, anorexia (↓ dose or abolition) 6. And other phenomena
HORMONES OF STEROID STRUCTURE
The adrenal cortex releases a large number of steroids that may be classified as those having important effects on intermediary metabolism (glucocorticoids), those having principally salt-retaining activity (mineralocorticoids), and those having androgenic or estrogenic activity.
PHARMACODYNAMICS OF GLUCOCORTICOIDS
• Immunosupressive:  antagonists of immune-stimulating hormones (STH, thymus factors, androgens)  ↓ proliferation of lymphoid tissues; in the large doses — involution of immune-competent organs  ↓ cellular immunity — ↓ migration in the blood of T- and B-lymphocytes stem cells from the bone marrow, thymus; ↓ activity of T- and to less degree B-lymphocytes ⇒ ↓ antibodies formation 
• Antiallergic: ↓ release of histamin, desensitization of H1-receptors to allergy mediators 
• Antishock and antitoxic: ↑ metabolic activity of the liver, ↓ BBB permeability for toxins, etc.
PHARMACODYNAMIC THERAPY OF GLUCOCORTICOIDS
• Collagenosis (systemic lupus erythematosus, nodular polyarthritis, etc.) • Allergies (Quincke’s edema, hay fever, urticaria, anaphylactic shock, etc.) • Diseases of the kidneys (glomerulonephritis, etc.) • Diseases of the blood (autoimmune hemolytic anaemia, thrombocytopenic purpura, etc.) • Diseases of the lungs (bronchial asthma) • Diseases of the gastrointestinal tract (Crohn’s disease, some forms of cirrhosis of the liver, etc.) • Neurological disturbances (cerebral edemas, multiple sclerosis) • Diseases of the eyes (allergic keratitis, conjunctivites, etc.) • Diseases of the skin (nodular erythema, eczema, etc.) • Malignant tumours (leukoses and lymphoproliferative diseases) • Inflammation of bones and joints (arthritis, bursitis, etc.) • Infectious diseases (tubercular pericarditis, pneumocyst pneumonia, etc.) • Severe shock conditions
ADVERSE EFFECTS OF GLUCOCORTICOIDS
Depression of the hypothalamo-pituitary-adrenal system (jatrogenic syndrome of Itsenko — Cushing)! • Endocrine system (steroid diabetes, growth impairment in children, delay of pubescence, disturbance of menstrual cycle) • Osteomuscular system (myopathy, osteoporosis, pathological fractures, aseptic necrosis) • Gastrointestinal tract (steroid gastric and intestine ulcers, bleeding, perforations, pancreatitis) • CVS (hypertension) • Skin (hemorrhage, acne, striae, atrophy of skin and subcutaneous fat) • Regeneration (↓ wound healing) • CNS (hyposomnia, unsteady mood, psychosis) • Water-electrolyte metabolism (edemas, hypokaliemia, hyperosmolar coma) • Eyes (glaucoma, cataract, exophthalmos) • Immunity (slurring over the clinic of infections, activation of tuberculosis and other infections) • Metabolic (hyperglycemia, hyperlipidemia, rise of appetite, redistribution of fat (a moon-like face, etc.), negative nitrous balance) • Blood (↑ clotting, etc.) • Syndrome of withdrawal
FEMALE SEX HORMONES DRUGS
Estrogens (hormones of follicles): • Steroid structure — estrone, estriol, estradiol benzoate and dipropionate, ethinyl estradiol, conjugated estrogens; • Non-steroid structure — synestrol, diethylstilbestrole propionate, etc. 
♦ Gestagens, progestins or progestagens (hormones of corpus luteum) — progesterone, oxyprogesterone, levonorgestrol, norcolut, pregnin, etc. 
♦ Combined (estrogen-gestagenic, estrogen-gestagen-antiandrogenic) — oral contraceptives, anticlimacteric (climonorm, pregestrol), etc.
CONTRACEPTIVES
Combined estrogen-gestagenic: • Monophasic — rigevidon, non-ovlon, minizistone, Diane-35, etc. • Two-phasic — anteovin, neo-eunomin • Triphasic — trisistone, triquilar, etc. ♦ One-component — microdoses of gestagens (mini-pili): continuin, norgestrel, microlut, etc.; ♦ Postcoital gestagenic: levonorgestrel (postinor); ♦ Depo-contraceptives: injection (depo-provera (medroxyprogesterone acetate)), implantation (levonorgestrel (norplast)); ♦ Vaginal contraceptives (spermicides): benzalkonium chloride, nonoxynol, etc
Adverse effects
• Insignificant (demand replacement, ↓ dose):  Nausea, tenderness of mammary glands, bleeding and edemas (estrogens)  Transient headache, migraine  Change of activity of plasma proteins, the thyroid, adrenal glands • Middle severity (requiring withdrawal) Profuse bleeding (25% of patients, low-dosage drugs) ↑ body weight, hirsutism, acne (containing androgen-like)  Hyperpigmentation (after a 8-year period in 40%)  Vaginal infection, urethral dilation  Amenorrhea after withdrawal Severe • Vascular:  venous thromboembolia (3 times as much) — estrogens  myocardial infarction  cerebrovascular disturbances (stroke), hypertensions (3–6 times as much) • Disorders of gastrointestinal tract: cholestatic jaundice, cholecystitis • Depression (in 6% patients) • Carcinogenic
ANDROGENIC AND ANTI-ANDROGENIC DRUGS
Indications to androgens 

♦ Androgen replacement therapy (hypogonadism, impotence) ♦ Breast tumours ♦ Climacteric syndrome ♦ Functional uterine bleeding 
Adverse effects of androgens 
• Disturbance of spermatogenesis, atrophy of testicles • ↑ temperature of the body, edemas, hepatotoxicity • In women — masculinization Anti-androgens ♦ For suppression of androgen secretion (prostatic carcinoma) — analogs of gonadotropin-releasing-hormone (goserelin, leuprolid, etc.) and anti-androgens (finasteride, ciproterone, flutamide)
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