ODESSA NATIONAL MEDICAL UNIVERSITY
Department of Pharmacology and Pharmacognosy

METHODICAL INSTRUCTION FOR THE LECTURE
Discipline: "Pharmacology"

Lecture № 11. " Drugs that affect erythropoiesis, leukopoiesis and blood clotting. Blood substitutes."
Course: 
3

Foreign Faculty - "Medicine"

                                                                       (English speaking students)


3

Foreign Faculty - "Dentistry"




(English speaking students)
                                                        3

Foreign Faculty - "Pharmacy"




(English speaking students)
The lecture was discussed on methodically

meeting of the department "31" 08  2021
Protocol № 1
Head of Department ______( prof. Ya V Rozhkovsky)

Odessa - 2021

Lecture № 11.
 
" Drugs that affect erythropoiesis, leukopoiesis and blood clotting. Blood substitutes. " 

1. Actuality of theme. Rationale for the topic.

Modern pharmacotherapy of erythropoiesis disorders allows influence on diseases such as hypochromic anemia (normoblastic), hyperchromic anemia (megaloblastic), hemolytic and aplastic anemias. The problem of studying the drugs used for controlling dehydration and disorders of acid – base balance, is one of 102 actual for modern intensive therapy. The requirement of these drugs is generally increasing, in connection with this new preparations are created.
Drugs influencing leucopoiesis and blood coagulation take significant place in contemporary pharmacology. Deepening of knowledges about the reasons of leukopoietic disorder is determinating the new ways of these states complex therapy, particularly stimulators of leucopoiesis. During the last years the definite success in healing of bone marrow cancer is reached and as the result, the sufficient prolonging of the expected patient life duration has been reached. The knowledge of the preparations influencing on blood coagulation and fibrinolysis is necessary for every medician, as a result of their use in case of sharp cardiovascular pathology (thrombosis, infarction of myocardium).


2. Objectives of the lecture (purpose): 
· training
• Know: pharmacology of drugs stimulating and depressing bone marrow, and blood clotting

• Be able to: solve the test tasks, situational and pharmacological tasks, to prescribe and analyze recipes for preparations of this section.
·  educational 

·  Formation of a modern professional outlook by emphasizing the indispensability of the use of knowledge of drugs stimulating and depressing bone marrow, and blood clotting 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. Drugs influencing the erythropoiesis
2. Iron preparations
3. Drugs of vitamin b12 
Folic acid  

4. Blood substitutes

5. Drugs affecting leukopoiesis
6. Blood coagulation
	
	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:
" Drugs that affect erythropoiesis, leukopoiesis and blood clotting. Blood substitutes. "

DRUGS INFLUENCING THE ERYTHROPOIESIS
Agents influencing the erythropoiesis are divided into drugs that stimulate the formation of erythrocytes (red blood cells) and drugs that inhibit erythropoiesis. Drugs stimulating erythropoiesis are used for the treatment of anemias. Anemia is a condition in which the number of red blood cells and the amount of hemoglobin in the blood are less than normal. Nowadays hypochromic and hyperchromic, hypo- and aplastic, hemolytic anemias are known.
CLASSIFICATION OF DRUGS AFFECTING ERYTHROPOIESIS
Stimulators of erythropoiesis: 1) at hypochromic anaemia — iron preparations for oral and parenteral administration 2) at hyperchromic anaemia — cyanocobalamin, folic acid 3) at anaemias of different genesis (tumours, AIDS, renal failure, chemotherapy, etc.) — drugs of hemopoietic growth factors: erythropoietin (epocomb, recormon, epomax), colony-stimulating factor of granulocytes (filgrastim) and granulocytes-macrophages (sargramostin) 
 Depressive erythropoiesis: sodium phosphate, tagged by phosphorus-32
CLASSIFICATION OF IRON PREPARATIONS
For oral application: 1) monocomponent — ferronal (iron gluconate), actiferrin, ferro-gradumet (iron sulfate), heferol (iron fumarate), hemofer (iron chloride), maltofer (iron hydroxide polymaltous complex), feramide 2) combined — tardiferon, ferroplex (+ ascorbic acid), ferrocal (+ cerebrolecitin + calcium fructosodiphosphate), hemostimulin (+ copper), maltoferfol (+ folic acid), etc. 
For parenteral application — ferbitol, jectofer (iron-sorbitol complex), fercoven, ferrum lec (iron saccharate), coamide (+ cobalt)
PRINCIPLES OF IRON PREPARATIONS USAGE
♦ Treatment of iron-deficient anaemia with the diet only is useless (hemic iron is better absorbed: 10–30% against 1–10% from plants) 
♦ The following substances increase absorption: organic acids (ascorbic, succinic, lemon, folic, etc.), cistein, proteins; diminish absorption: intake during or immediately after the meal, milk, eggs, bread cereals, legumenous plants, calcium salts, phosphates, antacides, tetracyclines, etc. Fumarate, sulfate are better absorbed, gluconate Fe2+ — worse 
♦ For haemoglobin constructing 50–100 mg of element iron (not salt!) per a day is necessary, depending on the deficit of iron, sex, age, etc. 
♦ Iron preparations are prescribed 1 hr before (better absorbed) or 2 hrs after the meal (better tolerated) 
♦ Effective treatment is considered at the increase of haemoglobin on 1–2 g/l a day 
♦ Therapeutic effect — in 2–4 weeks, renewal of iron resources in depot — in 2–3 months
TOXICITY OF IRON PREPARATIONS
Per oral intake: decline of appetite, nausea, vomiting, painful tenesmi, constipation (hydrogen sulfide) or diarrhoea: in the dose of 200 mg/day in 20% patients, 400 mg/day — 40%. Darkening of teeth (powder) and stool — reaction with hydrogen sulfide (H2S) 
 Parenteral introduction: i.m. — strong pain, infiltrates, inguinal lymphoadenopathy •i.v. — phlebitis, headache and dizziness, metallic taste in the mouth, tachycardia, generalized lymphoadenopathies, arthralgias, nephrotoxicity, encephalopathy, fever, leukocytosis, hemolysis, anaphylactic shock, urticaria, hemosiderosis 
With prolong and inefficient introduction: hemosiderosis 
The treatment must be provided by real deficit of iron:
Antidote — deferoxamine i.m. 1–2 g repeatedly in 12 hrs; i.v. 15 mg/kg per an hour (DD up to 80 mg/kg) 
Gastric lavage with sodium bicarbonate. Liquidation of shock, collapse, dehydratation and acidosis
DRUGS OF VITAMIN B12
Cyanocobalamin, oxycobalamin, cobamamide (desoxyadenosylcobalamin), vitohepat
Vitamin B12 is a group of cobalt-containing substances (Сobalamins), having biologic activity in humans. Vitamin B12 is synthesized by microorganisms and it is present in many foods of animal origin, particularly liver, kidney, fish, and meat; plants contain minimal amounts of the vitamin.
Pharmacokinetics. Absorption — along the whole length of the small intestine and in the distal department of the caecum in the linked form with the specific intrinsic Castle’s factor (glycoprotein, synthesized by the parietal cells of stomach) is transported in the blood by pinocytosis through the receptor on enterocytes, the activity of which depends on the normal function of mucous, supported to Bc; at surplus — by simple diffusion Distribution — transported to the blood by transcobalamins II in the liver, marrow and spleen; transcobalamins I and III participate in depositing Depositing — the liver contains 1–10 mg (reserve for 2–5 years), daily use 0.5–8.0 mcg Excretion with bile into the intestine 3 mcg secrete daily; enterohepatic circulation (50–60% are absorbed backwards); also by kidneys (especially at surplus).

Pharmacodynamics. Basic reactions: 1. Desoxadenosylcobalamin (cobamamide) catalyzes methylmalonilCoA-mutase in the reaction: methylmalonil-CoA → succinil-CoA (methylmalonil succinic acid) → metabolism of fat acids, isoleicin and valin ⇒ at deficit ↑ content of the methylmalonic acid, suppressing myelin secretion ⇒ neurological disorders 2. Methylcobalamin, participating in the reaction of demethylation of tetrahydrofolic acid, regulates: 
 DNA synthesis: through transformation of 5CH3-H4-folate (food and deposited) in H4-folate ⇒ at deficit disturbance of hemopoiesis (DNA replication, ripening of the nucleus of erythrocytes ⇒ megaloblasts) 
 methionine synthesis: under methyltetrahydrofolate action the cyanogroup B12 is replaced to methyl with formation of methylcobalamin, which methylizes homocystein with formation of methionine ⇒ synthesis of proteins, phospholipids, betain, choline.

 Anabolic action: ↑ metabolism of proteins and nucleic acids. Lipotropic: ↑ metabolism of carbohydrates and lipids, ↓ content of cholesterol in blood. Activates erythropoiesis (with Bc): DNA replication, erythrocytes maturation is completed, prevention of hemolysis due to accumulation in the red blood cells of the sulfhydril compounds.↑ immunity: ↑ phagocytic activity of leukocytes, activity of the reticuloendothelial system. ↑ blood clotting system. ↑ regeneration of tissues. Hepatoprotective function. Neuroprotection, participation in the cognitive and emotional sphere. Reproduction (↑ content of spermatozoons) Deficit at: ↓ content of Castle’s intrinsic factor (auto-antibodies to it, stomach resection, chronic gastritis), intestinal diseases, pancreatitis, diphyllobothriasis infection, etc.

Indications
 Substitutive therapy: hypovitaminosis — anaemia megaloblastic (malignant, macrocytic, pernicious, B12-deficit, Addison—Biermer), neurological disorders (funicular myelosis: paresthesia, hypotrophy, polyneuritis); movement and visual dyscoordination, hallucinations, amnesia, dementia), atrophic glossitis (crimson lacquered tongue), etc. — treatment (with Bc) by 100 mcg daily during a week, than once a week during a month and then once a month during all the life; prophylactic (once a month) in vegetarians, with stomach resection, etc. 
Pharmacodynamic therapy: 
• anaemias (post-hemorrhagic, aplastic, etc.) 
• polyneurites, neuralgias, paresis, paralysis, psychical diseases 
• hepatitis, cirrhosis of liver 
• hypotrophy of prematurely born children, methylmalonic aciduria 
• myocardiodystrophy, myocarditis 
• skin diseases (psoriasis, neurodermatites) 
• allergic diseases (asthma, urticaria) 
• antidote with cyanides poisoning (overdose of sodium nitroprusside)
Adverse effects 
1) Nervous excitation 2) Pain in the heart area, tachycardia, arrhythmia (↓ K+) 3) ↑ blood clotting, ↑ thrombocytes, leukocytes, erythrocytes of blood 4) Anaphylactic shock (seldom)

FOLIC ACID
Pharmacokinetics 

Absorption: folates of food are mainly polyglutamate forms of 5-CH3-tetrahydrofolate (THF); for absorption in the intestine must be hydrolyzed in monoglutamate by glutamate transferase (conjugase); its activity ↓ at alcoholism, sprue; monoglutamate-5-CH3-THF absorbs in the proxymal department of the small intestine by the active or passive transport; hot treatment ↓ content of folates by 50–95%; the best absorption — from the liver, egg yolks, brewer’s yeasts Binding with proteins — 60–70% Concentration in blood — 4–20 ng/ml Distribution — the liver, cerebrospinal fluid contain the most part of it; general content — 5–10 mg; actively transports through the placenta (2 and 5 times ↑ concentration in the erythrocytes and blood plasma accordingly than in a mother) Excretion by kidneys, and with the breast milk (50–60 mcg/l) as well
Pharmacodynamics 

The basic function of tetrahydrofolic acid and its derivative — transfer (acceptor) of monocarbon groups, for example methyl and formil, from one organic compounds to other ones.

1. Transformation of serin into glycine 2. Metabolism of histidine 3. Inclusion of atoms of carbon in the ring of purine alkali 4. Transformation of homocystein into methionine with B12, as a cofactor. ↑ erythro-, leuko-, thrombocytosis, plastic and regenerative processes in all organs
Indications 
♦ Replacement therapy: hypovitaminosis — with chronic alcoholism, diseases of the liver and intestine, usage of antibiotics, sulfonamides and other drugs (see below), diseases of sprue (macrocytic anaemia, leukopenia, diarrhea, ↓ weight), as well as against a background of its deficit at B12-dependent anaemia (+ neurological disorders); medical doses — 15 mg i.m. or per os once a day, prophylactic — daily need 
♦ Adaptation therapy (pregnancy, with breast feeding, prematurely born children)
♦ Pharmacodynamic therapy: • anaemias of hypochromic, hypoplastic, anaemia and leukopenia of radiation and medicinal origin • as a stimulator of regenerating processes, for healing gastric and duodenal ulcers, burns, wounds
Adverse effects 

• Dyspepsia • In the large doses ↑ CNS excitability, up to seisures (↓ activity GABA), ↓ renal function • Allergic reactions
BLOOD SUBSTITUTES
Classification of by composition
• Protein: from the blood cells — erythrocytic, thrombocytic mass; from blood plasma — serum, antihemophilic plasma 
• Protein hydrolysates — hydrolysate casein, hydrolysine, infuzamine, aminotrof, alvezine, etc.; solutions of amino acid — polyamine, mariamine, friamine 
• Fatty emulsions — intralipid, lipofundin 
• Colloid: animal origin — gelatinol, plasmogel; vegetable — pectin, gummy-arabic; synthetic — dextranes (polyglucin, reopolyglucin), on the basis of polyvinylpyrrolidone (neohemodes polydes) 
• Crystalloid: salt — 0.9% sodium chloride solution, Ringer— Lock’s solutions, potassium chloride, quintasol, lactosol, etc.; buffer — sodium hydrocarbonate, trisamine; solutions of sugars and polyatomic alcohols — glucose, fructose, sorbitol
Classification of blood substitutes by indication
• Hemodynamic (antishock) — polyglucin (molecular mass 60,000 ± 10,000, T1/2 ≈ 3–4 days), rondex (65,000 ± 5,000), rheopolyglucin (35,000 ± 5,000, T1/2 ≈ 1 day + desintoxication properties), gelatinol (about 20,000; + desintoxication properties) 
• Desintoxication — neohemodes (8,000 ± 2,600), polydesis, rheopolyglucin, gelatinol • Correctors of acid-base and water-salt balance — saline, buffer solutions 
• For the parenteral feeding — protein hydrolysates, solutions of amino acids, sugars, fatty emulsions 
• Drugs executing a function of oxygen transfer — perftoran 
• Polyfunctional — polyfer (hemodynamic, hemopoietic), rheogluman (hemodynamic, hemopoietic, desintoxicational, diuretic), polyglusol, rheosorbilact (hemodynamics and acid-base balance)
Complications of transfusion
Immediate: • Blood volume independent — anaphylactic shock, hemolysis, fever, hyperkaliemia, infections causing acute septicemia • At massive transfusion — hypokaliemia, hyperthermia blood, ↓ blood coagulations, ↑ ABP 
 Late: hypokaliemia, hypothermia, ↓ blood clotting
DRUGS AFFECTING LEUKOPOIESIS 
Agranulocytosis (extreme manifestation of leukopenia) is a clinical-immunological syndrome characterized by sharp fall (less than 0.75–109/l) or full disappearance of granulocytes and general amount of leukocytes less than 1.0–109/l
Clinical course of agranulocytosis caused by a drug 
♦ Immune haptenic — acute onset, rapid infectious damage of the skin and mucous (angina, stomatitis, abscess, furuncles, etc.), chill, fever, grave general condition; with sharp ↓ granulocytes in blood, normal amount of erythrocytes and platelets 
♦ Myelotoxic — gradual, unnoticeable development, weakness, frequent infections, hypodermic haematomas at injuries; ↓ granulocytes, erythrocytes, platelets in the blood, ↓ all stem cells in the marrow
STIMULATORS OF LEUKOPOIESIS
♦Vitamin preparations of plastic metabolism — pyridoxine, folic acid 
♦Non-steroidal anabolic drugs — pentoxyl, methyluracil, sodium nucleinate 
♦ Myelodide growth factors (coloniestimulating factors) — filgrastim (neupogen), molgramostim (leukomax), sargramostim, etc. 
♦Others — leukogen, lithium carbonate, etc.
DRUGS DEPRESSING LEUKOPOIESIS
♦Alkylating compounds — sarcolysine, dopan, myelosan, cyclophosphan, etc. 
♦ Antimetabolites — methotrexate, fluoruracil 
♦ Anticancer antibiotics — doxorubicine, dactinomycin, bleomycin, mitomycin, etc. 
♦ Alkaloids — vinblastine, vincristine, colchamine 
♦ Hormonal drugs and their antagonists — phosphoestrol, prednisolone, tamoxifen, etc. 
♦ Enzymes — asparaginase (crasnitine) 
♦ Drugs of animal origin — propes
GENERAL PRINCIPLES OF ANTICANCER DRUGS USAGE
♦Rational choice of drugs depending on the type and localization of tumor 
♦Rationalization of schemes: usage of cytostatics in “pulsating” courses every 3–4 weeks
♦Combined application (simultaneous or successive) of cytostatics of different groups 
♦Synchronization of mitotic cycles of tumor cells: after cell-cycle nonspecific drugs — drugs of the first choice are specific drugs 
♦Inclusion of immunostimulators in the combined therapy (interferons, etc.)
ADVERSE EFFECTS OF ANTICANCER DRUGS
♦ Supression of actively proliferating tissues • bone marrow ⇒ myelotoxicity (leukopenia, agranulocytosis, thrombocytopenias, etc.) • GIT mucosa ⇒ anorexia, stomatitis, enteritis, etc. • reproductive organs ⇒ ↓ fertility, feminization in men, masculinization in women (hormonal drugs), teratogenic, embryo-, fetotoxic effect 
♦ Alopecia, dermatites, skin pigmentation 
♦ Cardiotoxicity (arrhythmias, hypertension) 
♦ Nephro- (edemas) and hepatotoxicity (cholestasis) 
♦ Fibrosis of lungs 
♦ Immunosupression 
♦ Anaphylactic reactions (bleomycin) 
♦ Secondary malignant formations (alkylating drugs — acute leukosis)
BLOOD COAGULATION
Hemostasis is the spontaneous arrest of bleeding from a damaged blood vessel.
PHASES OF BLOOD COAGULATION
I. Formation of prothrombinase complex or active thromboplastin: Xa, Va, phospholipids of platelets (factor III of platelets), Ca2+ ♦ External way (protection at trauma of tissue): taken from tissues or from blood leukocytes of tissue factor (III); interconnection with VII and activating X (formation of active tissue thromboplastin or prothrombinase) ♦ Internal way: • cellular mechanism ⇒ damage of endothelium ⇒ adhesive proteins of the subendothelium (collagen, fibronectin, Willebrand’s factor, etc.) + BAS, ↑ platelets (thrombin, adrenalin, serotonin, FAT, ADP, TxA2, PgG2) ⇒ adhesion and platelet aggregation, release of substances from them (ADP, serotonin, adrenalin, Ca2+, etc.) and synthesis of TxA2, Pg, FAT, etc., activating plasma mechanism • plasma mechanism: successively ↑ in complexes “Hageman’s factor (XII) + prekallikrein + XI factor”, and then “factor XI + factor IX + the VIII” factor with the subsequent activating X (formation of active blood thromboplastin) 
II. Under the action of prothrombinase prothrombin (II) → into thrombin (IIa) 
III. Thrombin converts fibrinogen (I) into fibrin-monomer, then polymer and ↑ factor XIII ⇒ stabilization of fibrin — a blood clot
TYPES OF BLOOD COAGULATION DISTURBANCE
♦↑ blood coagulation and clot formation — hypercoagulation and development of thrombotic syndrome 
♦ ↓ blood coagulation and clot formation — hypocoagulation and development of hemorrhagic syndromes 
♦ Phasic disturbance of hemostasis system condition — DIC-syndrome (disseminated intravascular coagulation): phase of hypercoagulation, converting into the hypocoagulation phase; develop coagulopathy and thrombohemorrhagic syndrome
HEMOSTATIC DRUGS
• Procoagulants:  direct action: locally — thrombin, hemostatic collagen sponge, fibrin glue, etc.; systemic — drugs of blood factors (fibrinogen, concentrate of factor VIII, IX, cryoprecipitate, etc.); indirect action: vicasol (menadion), phytonadion, ethamsylate (dicinone), desmopressin 
• Inhibitors of fibrinolysis: synthetic: aminocapronic acid, tranexamic acid, amben; animal origin: aprotinine (contrical, gordox, trasilol) 
• Proaggregants: calcium salts, serotonin adipinate, adroxone 
• Thrombolytic: decylate 
• Coagulants of animal and herbal origin: gelatinol, lagohilus, guelder rose, water pepper, etc. 
• Antagonists of heparin: protamine sulfate
Thrombin, hemostatic sponge 
Mechanism of action: thrombin is IIa factor of coagulation system of blood; thrombin and other factors of blood coagulation are a part of different hemostatics for the local application (hemostatic sponge, fibrin glue, etc.) They are used only locally (!) on the bleeding organ in time and after the operations
 Fibrinogen 
Mechanism of action: is a factor I of coagulation system of blood (glycoprotein with the molecular weight about 340,000 dalton) It is used as a mean of the first aid with bleeding associated with its absence: acute fibrinolysis during the operations on the organs with excessive level of the tissue activators of the fibrinolytic system (lungs, pancreas, prostate, thyroid glands, etc.); in the obstetric practice (placental detachment, death of fetus, etc.); at traumatic, burn shock; radiation: severe diseases of the liver; late stages of DICsyndrome; administered ex tempore as 1–2% solution of i.v. droply 
Side action — thromboses, allergy
Preparations of vitamin K — phytonadion (K1), vicasol (menadion — water-soluble K3) Mechanism of action: liposoluble vitamin K (daily need = 100 mcg): Naphthoquinone K1–C7 (K1 — phytonadion in food, for example, green leaves of vegetables; K2 — menaquinone is synthesized by the flora of intestine of a man; K3 — menadion, synthetic water soluble); in the the liver participates in gamma-carboxylation glutaminic residue of prothrombin (II), proconvertin (VII), factor IX and X, as well as anticoagulant endogenous proteins S and C. These residues (domains) are necessary for transition of these factors into the active condition (to bind calcium and stick to phospholipids)
Phytonadion (K1), vicasol (menadion) (K3) 
Kinetics: K1 is absorbed in the small intestine, K2 — in the large intestine (bile acids are necessary!); diseases of GIT and the liver ↓ absorption ⇒ hypovitaminosis (hypoprothrombinemia, hemorrhages); an ability to accumulate is limited; distribution depends on lipophility; 20–30% of vitamin K with per oral introduction are not absorbed and are excreted. 
Indications: with a prophylactic purpose (120 mcg, during a pregnancy period, in newborns, in elderly people, preparation to the operation, prolong chemotherapy, etc.) and medical (10–15 mg, at pathology with the hemorrhagic syndrome and hypoprothrombinemia: dysfunction of the liver (hepatitis, cirrhosis) and GIT, tuberculosis, thyreotoxicosis, hyperthermia, etc.; overdosage of indirect anticoagulants (antagonists!), usage of NSAID, antibacterial drugs). The medical effect develops by 24 hrs. Vicasol is uneffective with diseases of the liver and overdosage by indirect anticoagulants. Phytonadion is effective with all the K-hypovitaminosis conditions 
Adverse action: ↑ hyperhydrosis, face reddening, at i.v. — dyspnea, pain in the breast, in the back, allergy ⇒ very slow introduction!; vicasol causes methemoglobinemia, hemolysis of erythrocytes, hemoglobinuria
ANTITHROMBOTIC DRUGS
Anticoagulants: 
- direct action: heparin and it low-molecular fractions (fraxiparin, enoxaparin, dalheparin, etc.), sulodexide, hirudin and its drugs, sodium citrate 
- indirect action: cumarin derivatives (neodicumarin, sincumar (acenocumarol), warfarin, fenprocumarol), indandion derivatives (phenilin) 
 Fibrinolytic: 
- direct action: fibrinolysine, heparin, trнpsin 
- indirect action (activating profibrinolysin): streptokinase, streptodecase, urokinase, alteplase 
 Antiaggregants: ACA, dipyridamol, pentoxyfyllin, ticlopidin, clopidogrel (plavix), reopro, lamifiban, thyrofiban
ANTICOAGULANTS OF DIRECT ACTION
Heparin and its low-molecular fractions (fraxiparin (nadroparin), enoxaparin, dalheparin, etc.), sulodexide; hirudin (desulfatohirudin) and its preparations (hiruten, hirulog); sodium citrate, etc.
Classification by the mechanism of action 
Inhibitors of thrombin (factor IIa): 
• direct (specific), i.e. acting independently on antithrombin III (selectively and reversibly binding with the active center of thrombin, remove all its effects: transformation of fibrinogen into fibrin, ↑ factors V, VIII, XIII, aggregation of platelets): hirudin (polypeptide of leech saliva) and its drugs 
• indirect (in complex with antithrombin III): heparin nonfraction and drugs of its low-molecular fractions
HEPARIN
Glycosaminoglycan is a mixture of fractions of sulfatated mucopolysaccharides with the different length of polymeric chain from 3,000 dalton (low molecular) to 40,000 (highly molecular); is released in 1916 from the liver (hepar), is in the secretory granules of mast cells
Only 30% of heparin has the biological action and affinity to antithrombin, which have a pentasaccharide active center (glucoronic, iduronic acids, glucosamine). The strong organic acid (because of residues of sulphuric acid and presence of carboxyl groups) ⇒ very strong negative charge ⇒ it is anionic polyelectrolyte
Pharmacodynamics 
• Binding with antithrombin III (AT III), sharply ↑ its activity (1,000 times as much) ⇒ inactivation of thrombin (IIa), prothrombinase (Xa), IXa, XIa, XIIa, plasmin and kallikrein ↓ proteolytic activity of thrombin and other enzymes (factor XIII), stabilizing fibrin (especially in veins) 
• Due to strong negative charge it binds with receptors on intimae of vessels and platelets (+ ↓ thrombin) ⇒ ↓ platelet aggregation 
• Heparin only catalyzes the antithrombin-protease reaction, remaining intact: after completion of the reaction releases from the complex IIa + ATIII + heparin and may be used again, and the complex IIa + ATIII is deleted by the endotelial system 
• In ATIII absence — resistance to heparin 
• For ↓ thrombin high molecular fractions are necessary — at NH antithrombotic and anticoagulant action; for ↓ of the factor Xa — low-molecular fractions ⇒ LMH drugs have the antithrombotic action and do not practically influence coagulation
A variety of effects is conditioned by its high reaction ability as polyanion: ↓ many enzymes (plasmin, trypsin, kallikrein, phosphatase, pepsin, etc.), stabilization of endothelium, etc. 
• Antiatherosclerotic — “clarifying effect”, i.e. ↓ atherogenic substances:  ↑ lipoproteinic lipase (hydrolysis of triglycerides with the complement of chylomicrons and VLDLP);  ↓ proliferation and migration of endothelial and smooth cells of vascular wall • Hypoglycemic, antitoxic 
• Immunosupressive (disturbances of T- and B-lymphocytes cooperation, ↓ system of complement) 
• Anti-inflammatory, analgesic, wound-healing, antiallergic (↓ hyaluronidase, ↓ vascular permeability, antagonist of histamin, serotonin, adrenalin) 
• Diuretic potassium-saving (↓ excessive synthesis of aldosterone) 
• Vasodilating, coronarodilating (↓ tonus of resistive and coronary vessels) • Angioprotective
HEPARIN APPLICATION
• Treatment of acute thrombosis (especially venous) and embolia (acute myocardial infarction, preinfarction angina, thrombosis of pulmonary artery, cerebral arteries, renal veins, ileocecal vessels, thromboembolia at pregnant woman, stage of hypercoagulation of DICsyndrome, etc.) — bolus i.v. 5,000–10,000 IU, then droply 900 IU/hr or factiously — each 4 hrs 75–100 IU/kg (at the beginning the daily dose = 60–90 thousand IU, then — 30–35 thousand IU) 
• Prophylaxis of thrombosis (operations, diagnostic procedures on vessels, heart, pelvic organs, lower extremities; hemodialysis, pulmonary circulation; IHD, heart failure; after births, burns, frost-bites, sepsis, at traumatic shock, etc.) — s.c. by 5,000– 10,000 IU each 8 or 12 hrs 
• Locally: thrombophlebitis of superficial veins, chronic varicosis, aseptic infiltrates, etc. (lioton, heparin ointment) 
• In the complex therapy of patients suffering from bronchial asthma, rheumatic fever, hyperaldosteronism, glomerulonephritis, atherosclerosis, etc.
ADVERSE EFFECTS OF HEPARIN
♦ Hemorrhage (in 10–30% patients, often from operation wounds and retroperitoneal haematomas, haematomas at the site of injections), thrombocytopenias (in 6–16% patients; in connection with immunogenicity of NH; sometimes severe so-called “syndrome of white blood clots” — intravascular platelet aggregation and arterial thrombosis) 
♦ At ↑ sensitivity allergic reactions (anaphylactic shock, hyperthermia) 
♦ In case of prolong intake (over 5 months) alopecia, osteoporosis (↑ parathyroidin, osteoclasts), nausea, vomiting, diarrhea At severe bleedings i.v. slow introduction of heparin antidote — protamine sulfate (protein obtained from sperm of salmon and other types of fishes); 1 mg neutralizes 100 IU heparin
INDIRECT ANTICOAGULANTS
♦Derivatives of coumarin — neodicumarin, syncumar (acenocumarol, thrombostop), warfarin, fenprocumarol 
♦Derivatives of indandione — phenylin 
Pharmacodynamics • Antagonists of vitamin K (antivitamins): disturb the vitamin K epoxide renewal in hepatic microsomes ⇒ ↓ carboxylation of factors II VII, IX, X, and also proteins C and S, i.e. indirectly ↓ coagulative hemostasis • ⇒ act only in vivo, they are effective at the venous thrombosis
Indications 
♦Prolong therapy for preventing and treatment of venous thromboses 
♦ Prevention of systemic embolization at presence of: thrombophlebites of deep veins of extremities, phlebothromboses; valve replacement; IHD, atrial flutter fibrillation; severe heart failure; schemic strokes; rheumatic defeat of the heart; atherosclerosis of coronary and other vessels 
♦ Treatment of acute pulmonary thromboembolism or its relapses 
♦ Prevention of idiopathic thrombosis and hereditary predisposition to it 
♦ Congenital and acquired coagulation factors deficit
Adverse effects 
♦Treatment by indirect anticoagulants is a difficult task for a doctor (prothrombin index = 40–50, 2 times a week!). Treatment is strictly individual! 
♦ Bleedings (0.9–2.7%), hemorrhage 
♦ More seldom — diarrhea, hepatitis, vasculitis, eczema, necrosis of the skin, alopecia, syndrome of “blue fingers of feet” 
♦ Idiosyncrasy to coumarins 
♦ Teratogenicity Antidote — drugs of vitamin K, if necessary — blood transfusion
ANTIAGGREGANTS
♦↓ synthesis of thromboxane A2: COX inhibitors (ASA (small doses!), aspirin-cardio (325 mg); inhibitors of thromboxanthine synthetase (dasoxyben) 
♦ Blockers of receptors on platelets: ADP (ticlopidine, clopidogrel (plavix)); FTA (ketotifen, drug of Ginkgo biloba — tanacan); serotonin (ketanserin), glycoprotein type IIb/IIIa (reopro, lamifiban, thyrofiban, xemilofiban, etc.) 
♦ Inhibitors PDE + adenosine desaminase (↑ contents of cAMP and adenosin in platelets): dipyridamol, pentoxyphyllin 
♦ ↑ activity of the prostacyclin system (↑ prostacyclin receptors): epoprostenol
Indications 
♦ Prophylaxis of clot formation 
♦ Valve replacement, vascular shunting 
♦ IHD, disturbances of cerebral, peripheral circulation, Raynaud’s disease 
♦ For DIC-syndrome prophylaxis at infectious toxicosis, septicemia (shock) 
♦ Dehydration, hemodialysis 
Adverse effects • Bleedings, thrombocytopenia • Leukopenia, anaemia, erythrocyte hemolysis • Dyspepsia, ulcerogenicity, hepatitis (ASA, cyclopidin, pentoxyphyllin) • Reddening of the face, dizziness, headache, tachycardia • Allergy, etc.
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