418

ANTIMICROBIAL, ANTIPROTOZOAL
AND ANTIVIRAL DRUGS

Lecture 34. disinfectants and antiSEPTICS

Antimicrobial drugs are the greatest contribution of the present century to therapeutics. As the class they are one of the most frequently used in medicine. 

J. Zemmelweiss, the Hungarian obstetrician used lime for medicine stuff hands washing. An English surgeon J. Lister suggested phenol as an antiseptic to surgery. Further development of antiseptics was based on Pasteur’s discovery of pathogenic microorganisms and researches of R. Koch, I.I. Mechnikov and others.

Drug in this class differ from all others in that they designed to inhibit or to kill the infecting organism and to have minimal effect on the recipient. If agent primary inhibit the germ growing, it acts bacteriostatic. Direct lethal action is the feature of bactericidal activity. A practical distinction between these two mechanisms action is futile as these are often concentration dependent action. 

Antimicrobial preparations are subdivided into the following groups: disinfectants, antiseptics and chemotherapeutic agents. 

Disinfectants are chemical agents that inhibit or kill microorganisms on inanimate objects (walls, floor, air, and medical tools). The process of disinfection prevents infection by reducing the number of potentially infective organisms either by killing, removing, or diluting them. 

Antiseptics are agents with sufficiently low toxicity for host cells that they can be used directly on skin, mucous membranes, or wounds. Disinfectants and antiseptics can be used both for disinfecting of medical tools and human skin depending on their concentration. There is considerable overlap and many agents are used in either way.
Chemotherapeutic agents are used for germs killing inside the organism. Disinfectants and antiseptics differ from chemotherapeutic agents by their low parasite selectivity and high toxicity for systemic use.

A good disinfectant/antiseptic should be active against all pathogens (bacteria, fungi, viruses, protozoa etc.), active even in the presence of blood, pus and exudates. A disinfectant in addition should be not corrode instruments. An antiseptic also should be non-irritating to tissues, produce minimum toxicity. 

Spectrum activity of agent is the list of microorganisms, that sensitive to him. Spectrum activity of majority of antiseptic/disinfectants is wide, reflecting non-selectivity of action.

Evaluation of effectiveness of antiseptics, disinfectants although seemingly simple in principle, are very complex. Factors in any evaluation include the intrinsic resistance of the microorganism, the number of present microorganisms, mixed populations of microorganisms, amount of present organic material (e.g. blood, feces, tissue), concentration and stability of disinfectant or sterilant, time and temperature of exposure, pH, and hydration and binding of the agent to surfaces. 

Classification of disinfectants and antiseptics

· Halogens (Chlorinated lime, Chloramine B, Chlorhexidine, Iodinol (Iodine + Potassium iodine), Iodovidon (Povidone-Iodine)) 

· Oxidizing agents (Hydrogen Peroxide, Potassium permanganate) 

· Acids (Salicylic Acid, Boric acid) 

· Phenol derivatives (Phenol, Cresol, Resorcinol, Vagotil) 

· Aldehydes and alcohols (Formaldehyde, Glutaraldehyde, Ethanol, Isopropanol)

· Metallic salts (Silver nitrate, Zinc sulfate, and Copper sulfate) 

· Dyes or tints (Brilliant green, Ethacridine (Rivanol), Methylene blue) 

· Detergents (Benzalkonium chloride (Roccal), Aethonium, Cerigelum, Decamethoxin, Soaps)

· Derivatives of different chemical groups (Nitrofural (Furacilinum))

· Agents from plant source (Novoimaninum, Chlorophyllipt, and Lysocim)

HALOGENS

Anti-germ activity of halogens depends on their ability to release chlorine and iodine. They form chloric and iodic acids in water solutions. The latter release atomic oxygen and haloids. These ions denature proteins of germs and act bactericidal.

Chlorine is a strong oxidizing agent and universal disinfectant that is most commonly provided as a 5.25 % sodium hypochlorite solution, a typical formulation for household bleach. Chlorine is used to disinfect urban water supplies. 

Because chlorine is inactivated by blood serum, feces, and protein-containing materials, surfaces should be cleaned before chlorine disinfectant is applied. Solutions of chlorine are corrosive to aluminum, silver, and stainless steel.

Chlorophores (Chlorinated lime, Chloramine B) are compounds that slowly release hypochlorous acid (HOCl). Because of ease of handling, they are used in preference to gaseous chlorine. These agents retain chlorine longer and have a prolonged bactericidal action. Chlorinated lime (bleaching powder) is obtained by the action of chlorine on lime. It is used as disinfectant for medical tools, drinking water, swimming pools and sanitizer for privies. Chloramine B may be used for disinfecting of clothes, skin and instruments, which are not made from metal. 


Chlorhexidine is a cationic biguanide with very low water solubility. Water-soluble chlorhexidine bigluconate is used in water-based formulations as an antiseptic. It is most effective against gram-positive cocci and less active against gram-positive and gram-negative rods. Spore germination is inhibited by chlorhexidine. It is resistant to inhibition by blood and organic materials. Chlorhexidine is used in the treatment of inflammation of the oral mucosa caused by bacterial or fungal actions, for surgeon hands washing before operation, for medical tools disinfection. Chlorhexidine has a very low skin-sensitizing or irritating capacity. Oral toxicity is low because chlorhexidine is poorly absorbed through the alimentary tract. Chlorhexidine must not be used during surgery on the middle ear because it causes sensor neural deafness. Similar neural toxicity may be encountered during neurosurgery.

Iodine is a rapidly acting, broad spectrum (bacterial, fungi, and viruses) microbicidal agent. Acts by iodinating and oxidizing germ protoplasm. Iodine in a 1:20,000 solution is bactericidal in 1 minute and kills spores in 15 minutes. It is the most active antiseptic for intact skin. It is not commonly used because of serious hypersensitivity reactions, skin, irritation that may occur and because of its staining of clothing and dressings. 

Iodophors are complexes of iodine with a surface-active agent such as polyvinylpyrrolidone (Iodinole, Iodovidone). The amount of free iodine is low, but it is released as the diluted solution. Iodophors retain the activity of iodine. Iodophors are less irritating and less likely to produce skin hypersensitivity than tincture of iodine. They kill vegetative bacteria, mycobacterium, fungi, and lipid-containing viruses. They may be sporicidal upon prolonged exposure. Iodophors can be used as antiseptics or disinfectants, the latter containing more free iodine. Dilution may release more free iodine. An iodophor solution must be diluted according to the manufacturer's directions in order to obtain full activity.

OXIDIZING AGENTS

Oxidizing agent are free atomic oxygen releasers. Atomic oxygen lead to irreversible damage of oxidizing-restoring reaction of germ.

The Hydrogen peroxide has high killing activity and a broad spectrum against bacteria, spores, viruses, and fungi when used in appropriate concentration. It has the advantage that its decomposition products are not toxic and does not injure the environment. Hydrogen peroxide is powerful oxidizer that is used primarily as antiseptic. Organisms with the enzymes catalase and peroxidase rapidly degrade hydrogen peroxide. The innocuous degradation products are atomic and molecule oxygen, and water. Molecule oxygen forms the foam that helps in loosing and removing slough dead tissues. Hydrogen peroxide has been proposed for wound irrigation, disinfection of respirators, acrylic resin implants, plastic eating utensils, soft contact lenses. Hydrogen peroxide has poor penetrability and a transient action. 

Potassium permanganate. It liberates oxygen, which oxidizes bacterial protoplasm, and MnO2, which cause astringent and irritating effects. Solution of Potassium permanganate is used for gargling, douching, and irrigating cavities, urethra and wounds. It has also been used for stomach wash in alkaloid poisoning. It promotes rusting and is not good for surgical instruments.

ACIDS

Boric acid possesses fungistatic and weak bacteriostatic properties. Drug has greater bacteriostatic activity in bases containing large amounts of water than in fatty bases. Boric acid retards the growth of fungi but is not fungicidal. Aqueous solutions of boric acid are used topically for ophthalmic irrigation to cleanse and refresh irritated eyes. It is used topically as a skin protection for relief of discomfort of chafed skin, dry skin, abrasions, or other skin irritations and has been used topically for the treatment of superficial fungal infections; however, the drug is generally considered as lacking substantial evidence of efficacy for these uses. 

The risk of systemic toxicity from topical application of boric acid depends on the concentration used (more than 5 %), age of the patient (children appear to be more susceptible), skin condition (increased with abraded, or macerated skin). Boric acid can produce severe and fatal poisoning, consisting of GI disturbances, erythematosus skin eruptions, and signs of CNS stimulation followed by depression. Treatment of acute boric acid intoxication consists mainly of intensive symptomatic and supportive therapy.

Salicylic acid has a potent keratolytic action and a slight antifungal and antiseptic action when applied topically to the skin. In low concentrations, the drug has keratoplastic activity (activation of keratinization) and in higher concentrations (i.e., 1 % or higher), the drug has keratolytic activity (causes peeling of skin). At high concentrations, salicylic acid has a caustic effect. Salicylic acid is used topically for its keratolytic effect in controlling scaling dermatoses (seborrheic, psoriasis). It has also been used in the treatment of localized hyperkeratosis, such as occurs on the palms and soles. Salicylic acid is not used systemically because of its severe irritating effect on GI mucosa and other tissues.

PHENOL DERIVATIVES

Phenol itself perhaps the oldest of the surgical disinfectant/antiseptic. It is used to disinfect urine, feces, and pus, for drug conservation. Phenol no longer used as an antiseptic because of its corrosive effect on tissues, its toxicity upon absorption, and its carcinogenic effect. When swallowed (with suicidal purpose) it causes buccal, esophageal and stomach burns, excitation, convulsions, respiratory paralysis and vascular collapse.

Phenol derivatives (Cresol, Resorcin, and Vagotil) are less toxic than phenol. Phenolic compounds disrupt cell wall and membranes, precipitate proteins, and inactivate enzymes. They are bactericidal (including mycobacteria), fungicidal, and capable of inactivating lipophilic viruses. Cresol more active than phenol. It is used for hard surface decontamination in hospitals and laboratories, e.g., floors, beds, and counters or bench tops. Resorcin is 1/3 as potent as phenol. It also has keratolytic activity, that’s why resorcin employed on seborrheic dermatitis, eczema, acne as solution or ointment. Vagotil in addition acts on trichomonas – used for topical vaginitis treatment. 

Detergents are often added to formulations to clean and remove organic material that may decrease the activity of a phenolic compound. Skin absorption and skin irritation still occur with phenol derivatives, and appropriate care is necessary in their use. They are not recommended for use in nurseries and especially bassinets, where their use has been associated with hyperbilirubinemia.

ALDEHYDES AND ALCOHOLS

The two alcohols most frequently used for antisepsis and disinfection are Ethanol and Isopropyl alcohol (Isopropanol). They are rapidly active, killing vegetative bacteria, M tuberculosis, and many fungi and inactivating lipophilic viruses. They are not sporicidal, may not be active against hydrophilic viruses, and lack residual action because it evaporates completely. Alcohols probably act by denaturation of proteins. Alcohols have been used for skin disinfecting in case of abrasion and before hypodermic injection. The rapidity of antiseptic action increases with concentration up to 70 % and decreases above 90 %. At 90 % concentration they form a coagulum under which bacteria could grow.

Alcohols are an irritant and should not be applied to mucous coats. They are poor disinfectant for instruments – does not kill spores and promote rusting. 

Aldehydes (Formaldehyde and Glutaraldehyde) act by alkylation of chemical groups in proteins and nucleic acids. Activated solutions are bactericidal, sporicidal, fungicidal, and virucidal for both lipophilic and hydrophilic viruses. They are not corrosive for metal, plastic, or rubber.

Formaldehyde has a characteristic pungent odor and is highly irritating to respiratory mucous membranes and eyes. Formaldehyde solutions are used for high-level disinfection of hemodialyzers, preparation of vaccines, and preservation and embalming of tissues. Formaldehyde is available as a 37 % solution in water (100 % Formalin). The 3,7 % Formaldehyde (10 % Formalin) solutions used for fixation of tissues and embalming may not be mycobactericidal. Including formaldehyde preparation decrease foot sweating. The urinary antiseptic Hexamethylenetetramine (Methenamine) acts by releasing Formaldehyde in acidic medium. It is used for urinary tract infections.

Those who handle Formalin can develop eczematoid reaction. It has declared that formaldehyde is a potential carcinogen.

Glutaraldehyde is less pungent and better sterilizing agent than formalin. Solutions of 2 % Glutaraldehyde are most commonly used. It is used for disinfection or sterilization of instruments such as fiberoptic endoscopes, respiratory therapy equipment, hemodialyzers, and dental handpieces. 

METALLIC SALTS 

Metals cause antiseptic action, because they easily combine with sulfhydryl (SH) group of thiolic enzymes, thus stopping the oxidizing process of microorganisms. When metal-ions interact with human proteins, physical properties of the protein are usually altered; the protein may be denatured and precipitation usually occurs. When the concentration of metal is low, precipitation prevents deep tissue penetration and astringent action occurs. When the concentration of metal is high, membrane and intracellular structures are damaged and caustic or escharotic action occurs. 

Metal-ions in the high concentration interact with sulfhydryl groups, inhibiting enzymes and altering cell membranes of human tissues, that’s lead to poisoning. The most distinct example is the case of mercury poisoning. Acute inhalation of elemental mercury vapors may cause chemical pneumonitis and noncardiogenic pulmonary edema. Acute gingivostomatitis may occur, and neurologic sequelae (tremor, memory loss, fatigue, insomnia, and anorexia) may also ensue. Acute ingestion of inorganic mercury salts, such as mercuric chloride, can result in a corrosive, potentially life-threatening hemorrhagic gastroenteritis followed within days by acute tubular necrosis and oliguric renal failure. In addition to intensive supportive care, acute chelation with Dimercaprol (Unithiol) or Edetate calcium disodium (Calcium EDTA) may be of value in diminishing nephrotoxicity after acute exposure to inorganic mercury salts. The sulfhydryl groups of dimercaprol form heterocyclic ring complexes with heavy metals (particularly arsenic, mercury, and gold), and these complexes prevent or reverse the binding of metallic cations to body ligands such as essential sulfhydryl-dependent enzymes. The calcium in Calcium EDTA can be displaced by divalent and trivalent metals to form stable soluble complexes which can then be excreted in urine.

Silver nitrate exhibits antiseptic, germicidal, astringent, and caustic or escharotic activity. Inorganic silver salts are strongly bactericidal. Silver nitrate, 1:100, has been most commonly used, particularly as a preventive for gonococcal ophthalmitis in newborns. Silver nitrate touch is used for hypertrophied tonsillitis and aphthous ulcers. 

Silver salts stain tissue black because of deposition of reduced silver. Contact of 1 % silver nitrate solution with skin or other surfaces should be avoided since staining of the skin may occur. Silver nitrate is caustic and irritating to skin and mucous membranes. Cauterization of the cornea and blindness may result from repeated application of silver nitrate ophthalmic solution. Mistaken or accidental single-dose administration of 5-50 % Silver nitrate solutions has reportedly caused severe ocular injury including permanent corneal opacification and cataracts.

Silver sulfadiazine slowly releases silver and is used to suppress bacterial growth in burn wounds. Collargol (colloidal silver) and Protargol (protein silver) also slowly release silver ions, are not irritating. They are used in cases of conjunctivitis, ulcers. 

Zinc sulfate exhibits astringent and mild antiseptic activity. These effects may result from precipitation of protein by the zinc ion. Zinc sulfate is used in ophthalmic solutions as an astringent for the temporary relief of discomfort from minor eye irritation. It has also been used in the treatment of angular conjunctivitis. Zinc oxide being mildly antiseptic, it is popular dermal protective and adsorbentive agent. Zinc is necessary for the proper functioning of over 200 metalloenzymes. Physiological functions that are zinc dependent include cell growth and division, sexual maturation and reproduction, night vision, wound healing, host immunity, taste acuity.

Copper sulfate as astringent and antiseptic has been used for conjunctivitis, ureteritis and vaginitis treatment. Copper is necessary for the proper functioning of many metalloenzymes. Physiological functions that are copper dependent include oxidation of iron, erythro- and leukopoiesis, bone mineralization, elastin and collagen cross-linking, myelin formation, and antioxidant protection of the cell. Such polyvitamins as “Quadevit”, “Complivit” are include copper sulfate (“Complivit” also contain zinc).

Mercury is now rarely used as disinfectant/antiseptic. Mercurials are poor antiseptics with low therapeutic index. But some are still used. For example Hydrargyrum amidochloride (ammoniated mercury) used for skin disease treatment.

Aluminum and lead preparations are used for antiseptic rinsing and applying. Aluminum hydroxide being an antacid is indicated for relief of symptoms associated with hyperacidity (heartburn, acid indigestion, and sour stomach).

DYES (TINTS)

Brilliant green active against fungi, staphylococci, and other Gram positive bacteria. Aqueous or alcohol solution is used on furunculosis, skin abrasion, cutting, infected eczema. Staining is a disadvantage with all dyes. Brilliant green is inactivated by blood serum, feces, and protein-containing materials.

Ethacridine lactate (Rivanol) influence mostly Gram positive germs. It’s water solution, ointment, paste are used for wounds and cavities washing and in dermatology.

Methylene blue has mild antiseptic activity that may inhibit bacterial proliferation. Methylene blue has been used as a urinary tract antibacterial agent (irrigation), however, more effective agents have replaced this medication. It is used as a bacteriological stain, as a dye in diagnostic procedures, such as fistula detection, and for the selective staining of certain body tissues during surgery. Methylene blue is indicated in the treatment of acquired and idiopathic methemoglobinemia. In low concentrations, it acts as a cofactor to accelerate the conversion of methemoglobin to hemoglobin in erythrocytes.

DETERGENTS 

Detergents or surface-active compounds decrease surface tension of cell membrane act, thus alter it permeability. There are two kinds of detergents. They are cationic detergents (quaternary ammonium compounds) and anionic detergents (soaps). 

The quaternary ammonium compounds ("quarts") are bacteriostatic, fungistatic, and sporostatic. They highly effective against gram-positive bacteria and moderately active against gram-negative bacteria. Strains of Mycobacterium tuberculosis and Pseudomonas aeruginosa are often resistant and they are not effective against spore-forming organisms.

Quaternary compounds possess detergent, keratolytic, and emulsifying action. They are used for sanitation of non-critical surfaces (floors, bench tops, etc). 

Quaternary compounds bind to the surface of colloidal protein in blood, serum, to fibers present in cotton, mops, cloths, and paper towels used to apply them, which can cause inactivation of the agent by removing it from solution. Anionic detergents (soaps) inactivate them. That is why before applying quaternary ammonium compounds to the skin for preoperative disinfection, all traces of soap should be removed with water and with 70 % alcohol. 

The representatives of quaternary ammonium are Roccal (Benzalkonium chloride), Aethonium, Cerigelum, Decamethoxin.
Properly diluted, Roccal is used for the preoperative disinfection of unbroken skin and prophylactic disinfection of the intact skin, in the treatment of superficial injuries and infected wounds. It is also used to preserve the sterility of surgical instruments and rubber articles during storage, and to preserve the sterility of ophthalmic solutions. Aethonium and Decamethoxin are used for the treatment of trophic ulcers, stomatitis, keratitis. Finally Cerigelum is used for hands washing of medicine staff before surgical treatment. 

Soaps are anionic detergents. They are weak antiseptic and affect only Gram positive bacteria. Their usefulness primarily resides in their cleansing action. Other antiseptics can medicate soaps.

Furacilinum (Nitrofurazone) is a synthetic antibacterial nitrofuran derivative. Furacilinum acts by transforming it nitro-group into the amino-group that lead to inhibiting bacterial enzymes involved in carbohydrate metabolism. Organic matter (e.g., blood, pus, serum) inhibits the antibacterial action of Furacilinum. Furacilinum has a wide spectrum of activity against a variety of gram-positive and gram-negative organisms, however, particularly it does not inhibit fungi or viruses. Furacilinum may be active against organisms that have developed resistance to antibiotics and sulfanilamides. It is used topically in patients with burns, for prophylaxis and treatment of infections of the skin and mucous membranes, middle and external ear caused by susceptible bacteria. Furacilinum solutions have been used as a bladder irrigant in catheterized patients.

Allergic contact dermatitis is the most frequently reported adverse effect of topical Furacilinum and has occurred in approximately 1 % of patients treated. 

Novoimaninum is anti-germ agent, obtaining from the plant Hypericum perforatum. It acts primary on Gram positive microorganisms, including penicillin-resistance staphylococci. Novoimaninum has used topically as solution for abscess and infective wound treatment.

Chlorophyllipt is a mixture of chlorophylls getting form Eucalyptus leaves and Myrta’s seeds. It can be used for the treatment of burns, trophic ulcers.

Lysocim is the protein structure enzyme. It is produced from hen egg protein. Lysocim breaks polycarbohydrates of cell membrane, acts mostly on Gram positive germs. In addition it stimulate host non-specific resistance, cause anti-inflammation and mucolytic action. Lysocim is used for chronic septic state, burns, conjunctivitis. It applies topically and injects intramuscularly. It has not irritant action.

Available forms:

Chlorhexidine bigluconate – in bottles 20 % solution 0,5; 3 or 5 liters each

Iodovidon (Povidone-Iodine) – in bottles 1 % solution 

Hydrogen peroxide – in glasses 3 % solution

Potassium permanganate – in bottles 0,01 %; 0,1 %; 0,5 %; 2 % solution 
Boric acid – in bottles 0,5 %; 1 %; 2 %; 3 % spirit solution 10 ml each 
Hexamethylenetetramine – powder or tablets 0,25; 0,5 gram each; in ampoules 40 % solution 5; 10 ml each

Resorcin – powder; 2-5 % solution (water or spirit); 5-20 % ointment

Argent nitrate – powder; 0,25-2 % or 2-10 % solution; 1-2 % ointment

Zinc sulfate – powder; eyes drops in bottles 0,25 % or 0,5 % solution 10 ml 

Methylene blue – powder; 1 % spirit or water solution; in ampoules 
1 % solution of Methylene coeruleus in 25 % glucose solution 20; 50 ml

Ethacridine lactate – powder; in bottles 1 % or 2 % spirit solution 10 ml 

Decamethoxin – tablets 0,1 gram for solution preparing; in bottles 0,05 % spirit solution 10 ml each

Furacilinum – powder; tablets 0,1 gram (for ingestion) and 0,02 gram (for solution preparing); ointment 0,2 %
ANTIMICROBIAL CHEMOTHERAPEUTIC AGENTS

Chemotherapeutics are antimicrobial agents that are used for germs killing inside the organism; the antimicrobial action usually occurs after they’re appearing in system blood circulation.

Spectrum of activity of agent is the list of microorganisms, that are sensitive to him. Chemotherapeutic spectrum is the list of infectious diseases, which can be cured by this agent.

The principles of effective chemotherapeutic actions are the following:

· Rational choice of preparation according to clinical and bacteriologic diagnosis. 

· Optimal dosage, way and interval between drug using.

· Beginning of therapy as soon as possible before destructive changes of organs.

· If the clinical improvements after 2-3 days course are absent, the agent must be changed.

· The therapy have been continued 2-3 days after the clinical symptoms disappear. 

· Chemotherapy should be performed with other remedies that enforce the immunity.

Lecture 35. ANTIBIOTICS

Antibiotics are the products of certain mycotic organisms, different bacteria. With the help of antibiotics these microorganisms can suppress the growing of another microbes or kill them. Antibiotic, which formed by alive organism, is biosynthetic (natural) antibiotic, however after chemical conversions it becomes semisynthetic antibiotic. Finally, antibiotic that we get as result of chemical reaction only named as synthetic antibiotic. 
In 1929 Alexander Fleming reported his discovery of first antibiotic - penicillin. In 1940 Chain, Florey succeeded in producing significant quantities of the first penicillin and discovered its efficiency for infectious disease. Ermolyeva during World War II elaborated the commercial production of penicillin in the USSR. Waxman made educing of streptomycin in 1944.

Classification of antibiotics on a spectrum of their antimicrobial activity

· With the main influence on the gram-positive microbes: Penicillins; Cephalosporins; Macrolides; reserve antibiotics (Lincomycin, Vancomycin).

· With main influence on the gram-negative microbes: Aminoglycosides. 

· Influencing both gram-positive and negative microbes: Tetracyclines; Levomycetin (Chloramphenicol).

· Influencing both gram-positive and negative microbes, and used locally: Polymyxins; Neomycin; Monomycin; Gramicidin.

· Antifungal antibiotics: Nystatin; Griseofulvin; Amphotericin B.

· Anticancer preparations: Actinomycin, Olivomycin, Bruneomycin.

Classification under the mechanism of action:

· Antibiotics that inhibit bacterial microbe’s cell wall synthesis: penicillins, cephalosporins, and Vancomycin.

· Antibiotics disordering permeability of microbe’s cell capsule (decreasing the surface straining or detergent effect): antifungal antibiotics, polymyxins.

· Antibiotics inhibiting synthesis of DNA, RNA: Griseofulvin, Rifampicin, and anticancer antibiotics. 

· Antibiotics inhibiting the protein synthesis of the microorganisms: macrolides, aminoglycosides, tetracyclines, and Levomycetin.

Antibiotics can acts bactericidal (penicillins, cephalosporins, aminoglycosides, polymyxins) and bacteriostatic (macrolides, tetracyclines, levomycetin, antimycotic antibiotics). Also antibiotics divided into basic (main) agents and supplemental (reserve) agents. Usually, reserve antibiotics are less effective and more toxic, than basic agents are. Thus, the reserve antibiotics are indicated only in case of resistance or hypersensitivity to basic antibiotics.

When the inhibitory or killing effects of two or more antimicrobials used together are significantly greater than expected from their effects when used individually, synergism is said to result. For example, Benzylpenicillin in combination with Gentamicin is superior to monotherapy with a Penicillin or Gentamicin for the treatment of enterococcal endocarditis. Enzymatic inactivation of β-lactam antibiotics is a major mechanism of antibiotic resistance. Several β-lactam + β-lactamase inhibitor combinations (e.g., Amoxicillin-Clavulanic acid) have been successful against a variety of bacterial infections.

On the other hand, bacteriostatic agents such as tetracyclines and levomycetin can antagonize the action of bactericidal cell wall-active agents (e.g., β-lactam antibiotics). The bactericidal effects of cell wall active agents require that the bacteria be actively growing and dividing. This antagonistic interaction is thought to be due to inhibition of bacterial growth by the bacteriostatic agent. Tetracyclines and levomycetin have also been shown to antagonize the bactericidal effects of aminoglycosides. Also it is not recommended the concurrent using of agents with the similar adverse effect, e.g., aminoglycosides with polymyxins. 

In spite of the specific activity of antibiotics, they may cause some adverse effects. There are the following adverse effects, characteristic for antibiotics:

a. Allergic reactions of immediate and delayed types. Anaphylactic shock, angioneurotic laryngeal edema, exfoliative dermatitis, bullous erythema are the most hazardous. They are often caused by penicillins, cephalosporins. 

b. Disbacteriosis is the modification of normal gastro-intestinal microflora, with suppression of susceptible coliform organisms. It leads to superinfection - overgrowing of Pseudomonas, Proteus, staphylococci, clostridia, and Candida. This can result in intestinal functional disturbances, anal pruritus, vaginal or oral candidiasis, staphylococcus enteritis, and hypovitaminosis. Antibiotics with a wide efficiency spectrum (tetracyclines, levomycetin, and ampicillin) usually cause such effect.

c. Toxic reactions that are specific for antibiotics and depend on the dose and therapy terms. For example, levomycetin causes bone marrow depression: reticulocytopenia, anemia, and granulocytopenia. Aminoglycosides are neurotoxic (neuritis of vestibulocochlear nerve); aminoglycosides and polymyxins can cause nephrotoxic impairments while tetracyclines are hepatotoxic. 

d. Endotoxic reaction that is usually appears at the beginning of specific treatment of syphilis, typhoid fever, and meningitis. It may cause a state of shock, accompanied by severe diarrhea, fever, and leukopenia followed by leukocytosis. The reason of endotoxic reaction is releasing of endotoxin, which form an integral part of the cell wall of a variety of Gram-negative bacteria. 

The β-lactam antibiotics are the most frequently used group of antibiotics. The β-lactam compounds are penicillins, cephalosporins, monobactams, carbapenems, and beta-lactamase inhibitors.

PENICILLINS

Penicillin is produced by different species of Penicillium cultures. It inhibit bacterial microbes cell wall synthesis. Penicillins are bactericidal agents. All penicillins are the derivatives of 6-aminopenicillanic acid, which consists of thiazolidine ring and β-lactam ring. If the beta-lactam ring is enzymatically cleaved by bacterial beta-lactamases, the resulting product, penicilloic acid lacks antibacterial activity.

Classification of drugs

· Biosynthetic penicillins: Benzylpenicillin sodium, potassium or novocain salts (Penicillin G); Phenoxymethylpenicillin (Penicillin V); Bicillin-1 (Penicillin G Benzathine); Bicillin-5.
· Semisynthetic penicillins:

a. penicillinase resistant agents: Oxacillin; Methicillin; Nafcillin
b. extended-spectrum penicillins: Ampicillin, Amoxicillin and antipseudomonal penicillins: Carbenicillin, Carfecillin, Azlocillin.

The spectrums of activity of biosynthetic penicillins include gram-positive cocci (staphylo--; pneumo- and streptococci), gram-negative cocci (meningo- and gonococcus), anaerobes (Clostridium tetani, Cl. perfringens). Some other organisms for which biosynthetic penicillin has good activity include Bacillus anthracis, Corynebacterium diphtheriae, and Treponema pallidum. However, many strains of staphylococci produce beta-lactamases, which destroy these penicillins. 

Benzylpenicillin sodium and potassium are not absorbed from gastro-intestinal tract, because they are destroyed in acidic medium of stomach. After i.m. injection peak of blood concentrations are usually obtained within 30 minutes and stay during 3-4 hours. For maintenance of blood stable concentration it must be administrated every 4 hours. Benzylpenicillins are widely distributed to most tissues and body fluids. They also cross the placenta and are distributed into breast milk. Distribution into the cerebrospinal fluid is low in subjects with non-inflamed meninges, as is penetration into purulent bronchial secretions. 

The normal half-life of benzylpenicillin sodium and potassium is approximately 30 minutes. Hepatic metabolism accounts for less than 30 % of the biotransformation of benzylpenicillins. They are rapidly excreted by the kidneys into the urine. About 10 % of renal excretion is by glomerular filtration and 90 % by tubular secretion. Blood levels of all penicillins can be raised by simultaneous administration of probenecid, which impairs their tubular secretion.

Benzylpenicillin sodium and potassium are the drug of choice for the treatment of actinomycosis, anthrax, diphtheria, gonorrhea, scarlet fever, syphilis, and gas gangrene. They also are used in the treatment of bacterial endocarditis, bacterial septicemia, sore throat, acute otitis media, bacterial pneumonia, rheumatic fever, bone and joint infections, skin diseases caused by susceptible organisms.

Benzylpenicillin novocain is dissolves slowly at the site of injection, maintaining therapeutic concentration during 8-12 hours. It has been used 3-4 times a day intramuscularly. It has the same spectrum antimicrobial activity, as Benzylpenicillin sodium or potassium salts. On the other hand, Benzylpenicillin novocain contains Novocain, which increase the danger of allergic reactions.

Bicillin-1 and Bicillin-5 are slowly released from the i.m. injection site and hydrolyzed to benzylpenicillin, resulting in serum concentrations that are much lower but much more prolonged than other parenteral penicillins. A single injection of Bicillin-1 or Bicillin-5 intramuscularly once every 2-4 weeks is satisfactory for the treatment of syphilis, and for prophylaxis or treatment of rheumatic fever. 
Phenoxymethylpenicillin is acid-resistant. It is indicated only in minor infections: prophylaxis of diphtheria and rheumatic fever, treatment of scarlet fever and sore throat. It is prescribed four times a day.
Oxacillin is resistant to staphylococcal penicillinase (β-lactamase). The sole indication for the use of this agent is infection by penicillinase-producing staphylococci; however, it is less potent than Benzylpenicillin against penicillin-sensitive bacteria. Oxacillin is acid-stable and reasonably well absorbed from the gut. It is widely distributed to most tissues and body fluids. It is ingested four times a day. For serious systemic staphylococcal infections, Oxacillin is given by intermittent intravenous infusion of 1-2 g every 4-6 hours. Methicillin is no longer used because of its nephrotoxicity.

Ampicillin, Amoxicillin are extended-spectrum penicillins. These drugs retain the antibacterial spectrum of Penicillin, differ in having greater activity against gram-negative cocci and bacteria such as Escherichia coli, Shigella, and Salmonella species. Like benzylpenicillin, they are inactivated by penicillinase. 

Ampicillin and Amoxicillin are acid-stable and relatively well absorbed, achieving serum concentrations within 1-2 hours (for intramuscularly injection – 0,5 hour). Amoxicillin is better absorbed from the gut, than ampicillin. The duration of action is about 4-6 hours. Ampicillin is excreted in the bile in high concentrations. Amoxicillin is only oral penicillins, than can be taken during mealtimes, all another oral penicillins should be given 1-2 hours before or after eating to minimize binding to food proteins and acid inactivation. Ampicillin and Amoxicillin can be used for the treatment bone and joint infections, sore throat, bronchitis, pneumonia, meningitis, bacillary dysentery, typhoid fever, septicemia, urinary tract infections caused by susceptible organisms. 

Ampicillin, Amoxicillin are also available in combination with one of several beta-lactamase inhibitors: Clavulanic acid, Sulbactam. The addition of a beta-lactamase inhibitor extends the activity of these penicillins to include beta-lactamase-producing strains of staphylococci as well as some beta-lactamase-producing gram-negative bacteria. For example, Unasyn (Ampicillin + Sulbactam), Augmentin (Amoxicillin + Clavulanic acid).

Ampiox (Ampicillin + Oxacillin) is the combination of Ampicillin and Oxacillin. Thanks to that it active against both penicillinase-producing staphylococci and broad spectrum of gram-positive and gram-negative microbes. 

The antipseudomonal penicillins (Carbenicillin, Carfecillin, and Azlocillin) are also extended-spectrum penicillins, but they have less activity against gram-positive organisms than the natural penicillins or ampicillin; however, unlike the other penicillins, these penicillins are active against some gram-negative bacilli, including Pseudomonas aeruginosa, Proteus vulgaris. Carbenicillin is the first antipseudomonal carboxypenicillin. Carfecillin is the converted carbenicillin; it can be used orally. It active in lower doses, than Carbenicillin. The Ureidopenicillins, Azlocillin, resemble Carbenicillin except that it is also active against selected gram-negative bacilli, such as Klebsiella pneumoniae, and more potent against Pseudomonas aeruginosa, than Carbenicillin.
Carbenicillin, Carfecillin, and Azlocillin are indicated in the treatment of bone, joint, skin, and soft tissue infections, endocarditis, septicemia, pneumonia, meningitis, intra-abdominal infections, prostatitis, female pelvic infections, and urinary tract infections caused by susceptible organisms.

Adverse effects. The penicillins are remarkably nontoxic. Most of the serious adverse effects are due to hypersensitivity. It is appearing quite frequent 
1-10 %. All penicillins are cross-sensitizing and cross-reacting. Allergic reactions include fever, joint swelling, angioneurotic edema, pruritus, and rashes. Very rare anaphylactic shock may occur. In patients with renal failure, penicillins in high doses can cause seizures. Large doses of penicillins given orally may lead to gastrointestinal upset, particularly nausea, vomiting, and diarrhea. Ampicillin has been associated with pseudomembranous colitis. Secondary infections such as vaginal candidiasis may occur. Ampicillin and amoxicillin can cause skin rashes that are not allergic in nature.

CEPHALOSPORINS

First cephalosporin was obtained from culture of Cephalosporium acremonium. Cephalosporins are similar to penicillins chemically, in mechanism of action, and toxicity. Cephalosporins are more stable than penicillins to many bacterial β-lactamases and therefore usually have a broad spectrum of activity. The nucleus of the cephalosporins is 7-aminocephalosporanic acid. Cephalosporins can be classified into four major groups or "generations," depending mainly on the spectrum of antimicrobial activity. As a general rule, first-generation compounds have better activity against gram-positive organisms and the later compounds exhibit improved activity against gram-negative aerobic organisms.

Classification of drugs

· First-generation cephalosporins: Cefazolin, Cephalothin, Cephaloridine, Cephalexin.

· Second-generation cephalosporins: Cefaclor, Cefuroxime, Cefoxitin.

· Third-generation cephalosporins: Cefotaxime, Ceftriaxone, Cefixime.

· Fourth-generation cephalosporins: Cefepime, Cefpirome.

First-generation cephalosporins are active against gram-positive cocci (pneumo-, strepto-, and staphylococci), Neisseria gonorrhoeae, Escherichia coli, Klebsiella pneumoniae, and Proteus mirabilis. They are used to treat septicemia, bone and joint infections, otitis media, pneumonia, skin and soft tissue infections, including burn wound infections, and urinary tract infections caused by susceptible bacterial organisms. These medications are possible alternatives to the penicillins for staphylococcal and streptococcal infections.

Cefazolin can be used intramuscularly or intravenously every 8 hours (table 9.1). Excretion is via the kidney. Cefazolin penetrates well into most tissues. It is the drug of choice for surgical prophylaxis because of its longer half-life. Cefazolin may be a choice in infections for which it is the least toxic drug (e.g., Klebsiella pneumoniae). Cephalexin is absorbed from the gut to a variable extent. Urine concentration is usually very high. It may be used for the treatment of urinary tract infections, for minor staphylococcal lesions, or for minor polymicrobial infections such as cellulitis or soft tissue abscess.

In general, second-generation cephalosporins are active against organisms affected by first-generation drugs, but they have an extended gram-negative coverage, e.g., Proteus vulgaris, Enterobacter, Haemophilus influenzae. All second-generation cephalosporins are less active against gram-positive bacteria than the first-generation drugs. Some Enterobacter species can express a chromosomal beta-lactamase that hydrolyzes second-generation cephalosporins (as well as third-generation cephalosporins).

Table 9.1

Pharmacokinetics of cephalosporins

	Agent
	Bioavail-ability ( %)
	Protein
binding ( %)
	Half-life (hr)
	Dosing information

	Cefazolin/ i.m.
	
	85
	1,4-1,8
	0,5g 3 times a day

	Cephalothin/ i.m.
	
	70
	0,5-1,0
	0,5g 4 times a day

	Cephalexin/ oral
	90-95
	15-20
	0,9-1,2
	0,5g 4 times a day 

	Cefaclor/ oral
	50-95
	25
	0,6-0,9
	0,25g 3 times a day

	Cefuroxime/ i.m.
	
	50
	1,2-1,9
	0,75g 3 times a day 

	Cefoxitin/ i.m.
	
	70-80
	0,7-1,1
	1-2g 3 times a day 

	Cefotaxime/ i.m.
	
	38
	1,0
	0,5g 2 times a day 

	Ceftriaxone/ i.m.
	
	85-95
	5,8-8,7
	1-2g once a day 

	Cefixime/ oral
	40-50
	65-70
	3,0-4,0
	


Cefuroxime is the only second-generation drug that crosses the blood-brain barrier, but it is less effective in treatment of meningitis than ceftriaxone or cefotaxime and should not be used. However, Cefuroxime more stable against certain β-lactamases. Cefuroxime is commonly used to treat community-acquired pneumonia because of it’s extend spectrum activity. Cefuroxime axetil, an oral prodrug of Cefuroxime, is hydrolyzed to Cefuroxime after absorption. It has been used to treat mild to moderate bronchitis, otitis media, skin and soft tissue infections, uncomplicated gonococcal urethritis, and urinary tract infections.

Cefoxitin has the greatest stability in the presence of β-lactamases produced by the Bacteroides fragilis group. Because of its activity against anaerobes, cefoxitin can be useful in such mixed anaerobic infections as aspiration pneumonia, intra-abdominal and female pelvic infections. It is also used prophylactically to help prevent perioperative infections that may result from colorectal surgery and appendectomies, and in the treatment of penicillin-resistant strains of gonorrhea. 

Cefaclor is more susceptible to β-lactamase hydrolysis compared with the other agents, and its utility is correspondingly diminished. It has been primarily used to treat sinusitis, otitis, or lower respiratory tract infections, in which these organisms have an important role. 

Third-generation agents are less active against gram-positive cocci as are the first- and second-generation. However, in addition to the gram-negative bacteria inhibited by other cephalosporins, third-generation drugs are active against Serratia, Enterobacter as well as β-lactamase-producing strains of Haemophilus and Neisseria. Ceftazidime and Cefoperazone are useful against Pseudomonas aeruginosa. Some cephalosporins (Ceftriaxone, Cefotaxime) are able to cross the blood-brain barrier.

Third-generation cephalosporins are used in the treatment of serious gram-negative bacterial infections, including septicemia, bone infections, female pelvic and intra-abdominal infections, and urinary tract infections caused by organisms that are resistant to most other drugs. Ceftriaxone and cefotaxime are first-line drugs for treatment of gonorrhea, meningitis. They are the most active cephalosporins against penicillin-resistant strains of pneumococci and are recommended for empirical therapy of serious infections that may be caused by these strains. 

The excretion of cefoperazone and ceftriaxone is mainly through the biliary tract, and no dosage adjustment is required in renal insufficiency. The others are excreted by the kidney and therefore require dosage adjustment in renal insufficiency.

Cefepime is an example of a so-called fourth-generation cephalosporin. It is in many ways similar to third-generation agents, but it is more resistant to hydrolysis by chromosomal beta-lactamases (e.g., those produced by Enterobacter), that inactivate many of the third-generation cephalosporins. It has good activity against Pseudomonas aeruginosa. The clinical role of Cefepime, which remains to be defined, will probably be similar to that of the third-generation cephalosporins except that it may be useful in treatment of infections caused by Enterobacter.

Adverse effects. Cephalosporins are sensitizing and may elicit skin rashes, pruritus, fever, granulocytopenia, and hemolytic anemia. The frequency of cross-allergenicity between cephalosporins and penicillins is around 5-10 %. Local irritation can produce severe pain after i.m. injection and thrombophlebitis after i.v. injection. Renal toxicity, including interstitial nephritis has been caused by cephaloridine. Moxalactam, cefoperazone could cause hypoprothrombinemia, bleeding disorders, and disulfiram-like reactions. Many second- and particularly third-generation cephalosporins are ineffective against gram-positive organisms, especially methicillin-resistant staphylococci and enterococci. During treatment superinfection, mycosis may appear.

MONOBACTAMS

The representative of this group is Aztreonam. This is drug with a monocyclic β-lactam ring. Aztreonam inhibit bacterial cell wall synthesis and act’s bactericidal. It is relatively resistant to β-lactamases and active against gram-negative rods (including Pseudomonas, Klebsiella, Serratia, and Proteus mirabilis). However, it has no activity against gram-positive bacteria or anaerobes. It resembles aminoglycosides in its spectrum of activity. Aztreonam is given i.v. or i.m. every 8 hours in a dose of 1-2 g. It is rapidly and widely distributed to body fluids and tissues. The half-life is 1-2 hours. It is excreted via kidneys (60-75 % excreted unchanged). Aztreonam is indicated in the treatment of bacterial pneumonia, skin and soft tissue infections, urinary tract infections, gynecologic and intra-abdominal infections, septicemia. Penicillin-allergic patients tolerate aztreonam without reaction. Occasional skin rashes and phlebitis at the injection site may occur.

CARBAPENEMS

The carbapenems are structurally related to β-lactam antibiotics. Imipenem and Meropenem are the two that are available. They have a wide spectrum with good activity against many gram-negative rods (Pseudomonas, Enterobacter, Serratia), gram-positive organisms, and anaerobes. They are resistant to most β-lactamases. 

Carbapenems penetrates body tissues and fluids well, including the cerebrospinal fluid; the half-life is about 1-1,5 hours. Imipenem is inactivated by dehydropeptidase in renal tubules, resulting in low urinary concentrations. Consequently, it is administered together with an inhibitor of renal dehydropeptidase, Cilastatin, for clinical use. Tienam (Imipenem + Cilastatin) is example of such combination. Meropenem is not significantly degraded by renal dehydropeptidase and does not require an inhibitor. It is primarily excreted unchanged by kidneys. The usual dose is given i.v. or i.m. every 6-8 hours. Carbapenems are indicated in the treatment of intra-abdominal infections, skin and soft tissue infections caused by susceptible organisms. They have the same mechanism action as Aztreonam.

The most common adverse effects of carbapenems are nausea, vomiting, diarrhea, skin rashes, and reactions at the infusion sites. Carbapenems may lead to seizures in patients with a prior history of seizures or CNS abnormality. Patients allergic to penicillins or cephalosporins may be allergic to carbapenems as well.

MACROLIDES

The macrolides characterized by a macrocyclic lactone ring (usually containing 14 or 16 atoms) to which deoxy sugars are attached. Erythromycin is obtained from Streptomyces erythreus (since 1952), Oleandomycin – from Streptomyces antibioticus. Clarithromycin and Azithromycin are semisynthetic derivatives of Erythromycin. Macrolides are effective against gram-positive organisms (pneumo-, strepto-, staphylococci, and Corynebacteria), Mycoplasma, Legionella, Chlamydia trachomatis, Helicobacter, Treponema pallidum, and Rickettsia species. The antibacterial action of macrolides is bacteriostatic. They inhibit protein synthesis via binding to the ribosomal RNA and blocking aminoacyl translocation reactions. Activity is enhanced at alkaline pH. 

Erythromycin base is destroyed by stomach acid and must be administered with enteric coating. Food interferes with absorption. Bioavailability varies between 30 and 65 %, depending on the salt. The serum half-life is approximately 1.5 hours. Large amounts of an administered dose are excreted in the bile and lost in feces. More than 90 % of erythromycin is hepatically metabolized. Absorbed drug is distributed widely except to the brain and cerebrospinal fluid. Erythromycin is taken up by polymorphonuclear leukocytes and macrophages. It traverses the placenta and reaches the fetus. Duration of action is about 4-6 hours.

Erythromycin is the drug of choice in bronchitis, sinusitis, acute otitis media, and diphtheria, in chlamydial or mycoplasmal infections. It is also useful as a penicillin substitute in penicillin-allergic individuals with infections caused by staphylococci (assuming that the isolate is susceptible), streptococci, pneumococci, or Treponema pallidum.

Adverse reactions. Nausea, vomiting, diarrhea, and hypersensitivity reactions occasionally accompany erythromycin administration. Erythromycins, particularly the estolate, can produce acute cholestatic hepatitis. Erythromycin metabolites can inhibit cytochrome P-450 enzymes and thus increase the serum concentrations of theophylline, oral anticoagulants, and cyclosporine. In general, erythromycin has a low toxicity and can be taken by pregnant women (except erythromycin estolate). Erythromycin-resistant strains emerge frequently; they may appear after the first course therapy. That’s why the current utility of erythromycin is limited.

Oleandomycin is similar in antimicrobial activity and pharmacokinetic properties to Erythromycin.

Clarithromycin is derived from Erythromycin. This conversion improves acid stability and, therefore, oral absorption compared with Erythromycin. Its mechanism of action is the same as that of erythromycin. Clarithromycin and Erythromycin are virtually identical with respect to antibacterial activity except that Clarithromycin is more active against Mycobacteria avium and Leprae, Toxoplasma gondii. Erythromycin-resistant streptococci and staphylococci are also resistant to Clarithromycin. Clarithromycin is well absorbed from the gastrointestinal tract; stable in gastric acid; food does not delay the extent of absorption; bioavailability is approximately 55 %. It is widely distributed into tissues and fluids. Clarithromycin is metabolized in the liver. The major metabolite is 14-hydroxyclarithromycin, which also has antibacterial activity. The serum half-life depends on giving dose (about 4-7 hours). Excreted by kidneys. The advantages of Clarithromycin compared with Erythromycin are lower frequency of gastrointestinal intolerance and less frequent dosing. It can be taken twice daily. 

Azithromycin 15-atom lactone macrolide rings compound is derived from Erythromycin. Its spectrum of activity and clinical uses are virtually identical to those of Clarithromycin. Azithromycin is slightly less active than Erythromycin and Clarithromycin against staphylococci and streptococci and slightly more active against Haemophilis influenzae and Chlamydia. Azithromycin differs from Erythromycin and clarithromycin mainly in pharmacokinetic properties. It is rapidly absorbed and well tolerated orally. Food decreases bioavailability of azithromycin, which should be administered 1 hour before or 2 hours after meals. However, Azithromycin penetrates into most tissues (except cerebrospinal fluid) and phagocytic cells extremely well, with tissue concentrations exceeding serum concentrations by 10- to 100-fold. Drug is slowly released from tissues (tissue half-life of 2-4 days) to produce an elimination half-life approaching 3 days. These unique properties permit once-daily dosing and shortening of the duration of treatment in many cases. For example, a single 1 g dose of Azithromycin is as effective as a 7-day course of Doxycycline for chlamydial cervicitis and urethritis. Azithromycin is indicated for treatment tonsillitis, bronchitis, pneumonia, acute otitis media, cervicitis or urethritis, pelvic inflammatory, skin and soft. It may cause nausea, vomiting, and diarrhea. 

AMINOGLYCOSIDES

Aminoglycosides are a group that includes Streptomycin, Neomycin, Kanamycin, Amikacin, Gentamicin, Tobramycin, Sisomicin, and others. Aminoglycosides have a hexose ring, either streptidine (in streptomycin) or 2-deoxystreptamine (other aminoglycosides), to which various amino sugars are attached by glycosidic linkages. They are water-soluble, stable in solution, and more active at alkaline than at acid pH.

Aminoglycosides binds to specific subunit ribosomal proteins and irreversible inhibits the protein synthesis; they act bactericidal. The transport of aminoglycosides across the cell membrane into the cytoplasm may be enhanced by cell wall-active drugs, such as Penicillin or Vancomycin; this enhancement may be the basis of the synergism. The spectrum of aminoglycosides covers aerobic gram-negative bacilli, and some gram-positive organisms. They are generally active against Pseudomonas, Escherichia coli, Proteus, Enterobacter, Klebsiella, Serratia species, Enterococcus faecalis and staphylococci. They are not active against anaerobic organisms. 

Aminoglycosides are absorbed very poorly from the gastrointestinal tract. After i.m. injection, aminoglycosides are well absorbed, giving peak concentrations in blood within 1-2 hours. Aminoglycosides have been administered in two or three equally divided daily doses. Aminoglycosides are highly polar compounds that do not enter cells readily. They distributed primary to extracellular fluid (urine, serum, abscesses, and synovial fluids), however low concentrations found in bile, breast milk, and cerebral spinal fluid. Also distributed to all body tissues, where aminoglycosides accumulate intracellularly. High concentrations found in highly perfused organs (liver, lungs, and kidneys), but lower concentrations are seen in muscle, fat, and bone. They cross the placenta. All aminoglycosides has a low protein binding (0 to 10 %). They are not metabolized. Aminoglycosides are cleared by the kidney. The normal half-life in serum is 2-3 hours.

Aminoglycosides are indicated in the treatment of serious systemic infections caused by gram-negative enteric bacteria for which less toxic antibacterials are ineffective or contraindicated. They are almost always used in combination with a β-lactam antibiotic in order to extend coverage to include potential gram-positive pathogens and to take advantage of the synergism between these two classes of drugs. 

Adverse effects. All aminoglycosides are ototoxic and nephrotoxic. These effects are more likely to be encountered when therapy is continued for more than 5 days, at higher doses, in the elderly, and in the setting of renal insufficiency. Ototoxicity can manifest itself either as auditory damage (tinnitus and high-frequency hearing loss); or as vestibular damage (vertigo, ataxia, and loss of balance). Nephrotoxicity results in rising serum creatinine levels. Concurrent use with loop diuretics (furosemide) or other nephrotoxic antimicrobial agents (amphotericin B) can potentiate nephrotoxicity. In very high doses, aminoglycosides can produce a curare-like effect with neuromuscular blockade that results in respiratory paralysis. Hypersensitivity occurs infrequently.

Streptomycin is the oldest and beststudied of the aminoglycosides. It is obtained from a strain of Streptomyces globisporus. The antimicrobial activity of Streptomycin is typical of that of other aminoglycosides. Resistance has emerged in most species, severely limiting the current usefulness of Streptomycin, with the exceptions listed below. Streptomycin is used primarily as an antitubercular and is active against Mycobacterium tuberculosis and M. bovis. It is also considered the drug of choice for the treatment of infections caused by Francisella tularensis and Yersinia pestis, and is often used to treat Brucella infections in combination with tetracycline. Penicillin plus Streptomycin is effective for enterococcal endocarditis. Fever, skin rashes, and other allergic manifestations may result from hypersensitivity to Streptomycin. Pain at the injection site is common. The most serious toxic effect is disturbance of vestibular function. Vestibular toxicity tends to be irreversible. Streptomycin given during pregnancy can cause deafness in the newborn.

Neomycin is a combination of antibiotics neomycins A, B, C, that synthesized by Actinomyces fradiae. It is active against gram-positive and gram-negative bacteria and some mycobacteria. Streptococci are generally resistant. A mechanism of antibacterial action is the same as with other aminoglycosides. Neomycin is not significantly absorbed from the gastrointestinal tract. After oral administration, the intestinal flora is suppressed or modified and the drug is excreted in the feces. Excretion of absorbed drug is mainly through glomerular filtration into the urine. 

Neomycin is used widespread in bowel preparation for colon surgery. This reduces the aerobic bowel flora with little effect on anaerobes. Also it can be prescribed for topical administration as solution or ointment on infected surfaces or abscess cavities where infection is present. Topically Neomycin can be added by glucocorticoids. Such combination will cause antimicrobial and anti-inflammatory effects. Resistance to neomycin appear more rare comparatively with other aminoglycosides. Neomycin is too toxic for parenteral use. It has significant nephrotoxicity and ototoxicity. Auditory function is affected more than vestibular. Deafness has occurred.

Gentamicin is an aminoglycoside isolated from Micromonospora purpurea. It is effective against both gram-positive and gram-negative organisms, and many of its properties resemble those of other aminoglycosides. Gentamicin as much as Tobramycin, and Amikacin are the most widely employed aminoglycosides at present. Gentamicin is used mainly in severe infections e.g., sepsis, intra-abdominal and urinary tract infections, meningitis, skin and soft tissues infections, bacterial pneumonia caused by gram-negative bacteria that are likely to be resistant to other drugs. It is also used concurrently with penicillins for bactericidal activity in endocarditis. Gentamicin should not be used as a single agent to treat staphylococcal infections because resistance develops rapidly. 

Gentamicin can be used i.v., i.m. or topically. The daily dose of gentamicin is divided into three equal amounts and given every 8 hours. Creams, ointments, or solutions have been used for the treatment of infected burns, wounds, or skin lesions and the prevention of intravenous catheter infections. It can exhibit reversible and usually mild nephrotoxicity. Ototoxicity, which tends to be irreversible, manifests itself mainly as vestibular dysfunction, perhaps due to destruction of hair cells by prolonged elevated drug levels. Loss of hearing can also occur. 

Tobramycin has an antibacterial spectrum similar to that of Gentamicin. While there is some cross-resistance between Gentamicin and Tobramycin, although a few organisms resistant to Gentamicin remain susceptible to tobramycin. Tobramycin has almost the same antibacterial spectrum as Gentamicin with a few exceptions. Tobramycin is slightly more active against Pseudomonas than others aminoglycosides. Gentamicin and Tobramycin are otherwise completely interchangeable clinically. The pharmacokinetic properties of tobramycin are virtually identical to those of Gentamicin. Like other aminoglycosides, Tobramycin is ototoxic and nephrotoxic. Nephrotoxicity of Tobramycin may be slightly less than that of gentamicin.

Sisomicin is similar in spectrum and indication to Gentamicin. But it has higher antimicrobial activity and less toxic, than Gentamicin. 

Amikacin is a semisynthetic derivative of Kanamycin; it is less toxic than the parent molecule. Amikacin is similar to Gentamicin and Tobramycin in its spectrum of activity; however, Amikacin has the advantage of not being inactivated by the same enzymes. Thus, it therefore can be employed against some microorganisms resistant to the latter drugs. Many gram-negative enteric bacteria, including many strains of Proteus, Pseudomonas, Enterobacter, Serratia, and Mycobacterium tuberculosis, including streptomycin-resistant strains are inhibited by amikacin. Like all aminoglycosides, amikacin is nephrotoxic and ototoxic (particularly for the auditory portion of the eighth nerve). 
LEVOMYCETIN

Chloramphenicol (Levomycetin) can be isolated from cultures of Streptomyces venezuelae and can be synthesized chemically. It is soluble in alcohol but poorly soluble in water. Levomycetin succinate, which is used for parenteral administration, is highly water-soluble. It is hydrolyzed in vivo with liberation of free Levomycetin. Levomycetin is a bacteriostatic broad-spectrum antibiotic that is active against aerobic both gram-positive and gram-negative organisms, including Shigella species, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis. Bacteria that are generally considered to be resistant to Levomycetin include Pseudomonas aeruginosa, Enterobacter species, and Enterococcus faecalis. Forming of resistance to Levomycetin is quite slow. Levomycetin is a potent inhibitor of microbial protein synthesis. It binds reversibly to the 50S subunit of the bacterial ribosome. It inhibits the peptidyl transferase step of protein synthesis.

Levomycetin is rapidly and completely absorbed from gastrointestinal tract (bioavailability - 80 %). After absorption, it is widely distributed to virtually all tissues and body fluids, including the breast milk, central nervous system and cerebrospinal fluid such that the concentration of Levomycetin in brain tissue may be equal to that in serum. It crosses placenta. The drug penetrates cell membranes readily. The protein binding is moderate (50 %). Most of Levomycetin (90 %) is inactivated by conjugation with glucuronic acid in the liver. The therapeutic concentration of drug in serum is remained during 4-6 hours. Excretion of active Levomycetin (about 10 % of the total dose administered) and of inactive degradation products occurs by way of the urine. The daily dose is divided in three-four times.

Because of this drug's serious toxicity, Levomycetin is indicated only for the treatment of serious infections in which less toxic antibacterials are ineffective or contraindicated. Levomycetin is indicated for the treatment of tularemia, plague, brucellosis, meningitis, caused by Haemophilis influenzae, Neisseria meningitidis; typhoid fever, caused by Salmonella typhi. It is also used in the treatment of rickettsial infections. Levomycetin-resistance strains are appearing slowly.

Adverse reactions. Occasionally develop nausea, vomiting, and diarrhea. Oral or vaginal candidiasis may occur as a result of alteration of normal microbial flora. Levomycetin commonly causes a dose-related reversible bone marrow depression: reticulocytopenia, anemia, and granulocytopenia. Aplastic anemia is an idiosyncratic reaction unrelated to dose. It tends to be irreversible and can be fatal. Hypersensitivity (rash, pruritus, fever), neurotoxic reactions (confusion, headache, and blurred vision) may elicit.

Newborn infants lack an effective glucuronic acid conjugation mechanism for the degradation and detoxication of Levomycetin. Consequently, when infants are given Levomycetin, the drug may accumulate, resulting in the gray baby syndrome, with vomiting, flaccidity, hypothermia, gray color, shock, and collapse. To avoid this toxic effect, Levomycetin should be used with caution in full-term and premature infants. 

Levomycetin inhibits hepatic microsomal enzymes that metabolize several drugs. Half-life is prolonged, and the serum concentrations of Phenytoin, Tolbutamide, and Chlorpropamide are increased. Like other bacteriostatic inhibitors of microbial protein synthesis, Levomycetin can antagonize bactericidal drugs such as penicillins or aminoglycosides.

TETRACYCLINES

The tetracyclines are a large group of drugs with a common basic structure and activity. Tetracycline is isolated from Streptomyces; Oxytetracycline is derived from Streptomyces rimosus. Methacycline and Doxycycline, semisynthetic antibiotics, are the derivatives of Tetracycline and Oxytetracycline, respectively. Free tetracyclines are substances of low solubility. They are available as hydrochlorides, which are more soluble. Tetracyclines are broad-spectrum antibiotics that inhibit protein synthesis. Tetracyclines bind reversibly to the 30S subunit of the bacterial ribosome, blocking the binding of aminoacyl-tRNA to the acceptor site on the mRNA-ribosome complex. This prevents addition of amino acids to the growing peptide.

The antibacterial activities of most tetracyclines are similar. Differences in clinical efficacy are minor and attributable largely to features of absorption, distribution, and excretion of individual drugs. They are bacteriostatic for many gram-positive and gram-negative bacteria, including anaerobes, Escherichia coli, Shigella, Rickettsia, Chlamydia, Mycoplasma, Meningo- Gono-, Streptococci, and are active against some Protozoa, e.g., Amebas. 

Absorption after oral administration is approximately 60-70 % for Tetracycline, Oxytetracycline, and Methacycline; and 95-100 % for Doxycycline. A portion of an orally administered dose of tetracycline remains in the gut lumen, modifies intestinal flora, and is excreted in the feces. Absorption is impaired by food (except doxycycline), by cations Ca2+, Mg 2+, Fe2+, or Al3+, and by alkaline pH. Tetracyclines are 40-80 % bound by serum proteins. Tetracyclines are distributed widely to tissues and body fluids except for cerebrospinal fluid. Tetracyclines tend to localize in bone, liver, spleen, tumors, and teeth. They cross the placenta and are also excreted in milk. Tetracyclines are excreted unchanged mainly in bile and urine, mainly by glomerular filtration. Some of the drug excreted in bile is reabsorbed from the intestine (enterohepatic circulation) and contributes to maintenance of serum levels. 20-40 % of tetracyclines in the body is excreted in feces. Doxycycline, in contrast to other tetracyclines, primary is eliminated with feces (90 %), does not accumulate significantly in renal failure.

Tetracyclines are classified as short acting (Tetracycline, Oxytetracycline), intermediate acting (Methacycline), or long acting (Doxycycline) based on serum half-lives of 6-8 hours, 12 hours, and 16-20 hours, respectively. 

Systemic tetracyclines are indicated in the treatment of bronchitis, pharyngitis, pneumonia, sinusitis, septicemia, and intra-abdominal and genitourinary tract infections. They can be used in the treatment of chlamydial infections, gonorrhea, bacillary and amebic dysentery, syphilis, trachoma, rickettsial infections, cholera. A Tetracycline – usually in combination with an aminoglycoside is indicated for plague, tularemia, and brucellosis.

Adverse reactions. Nausea, vomiting, stomatitis, glossitis, and diarrhea are the most common reasons for discontinuing tetracycline medication. These effects are attributable to direct local irritation of the intestinal tract. That’s why, i.v. injection can lead to venous thrombosis, i.m. injection produces painful local irritation. Tetracyclines modify the normal flora, with suppression of susceptible coliform organisms and overgrowth of Pseudomonas, Proteus, staphylococci, Clostridia, and Candida. This can result in intestinal functional disturbances, anal pruritus, vaginal or oral candidiasis, or pseudomembranous enterocolitis.

Tetracyclines are readily bound to calcium deposited in newly formed bone or teeth in infants and children under 8 years of age. It can be deposited in the fetal teeth, leading to fluorescence, discoloration, and enamel dysplasia; it can also be deposited in bone, where it may cause deformity or growth inhibition. It is also contraindicated during pregnancy. Sometimes hypersensitivity reactions (fever, skin rashes, and photosensitization) may occur. 

POLYMYXINS

The polymyxins are a group of basic peptides active against gram-negative bacteria. They are formed by Bacillus polymyxa. To this group belongs Polymyxin M sulfate and Polymyxin B sulfate. The sulfates are water-soluble and very stable. Polymyxins are bactericidal for many gram-negative rods, including E. coli, Shigella, and Pseudomonas. Gram-positive organisms, Proteus, and Neisseria are resistant. In susceptible bacterial populations, resistant mutants are rare. Polymyxins act like cationic detergents. They attach to bacterial cell membranes, increase it permeability, and microbes cell essential substance are going outside. Polymyxins are active against extracellular microbes only. They also bind and inactivate endotoxin. 

Polymyxin M is not used for systemic administration because of it poor tissue distribution; it substantial nephrotoxicity and neurotoxicity. Polymyxin M can be used locally. Commonly it is applied concurrently with neomycin to infected superficial skin lesions (burns, ulcers, abscesses) caused by susceptible microorganisms. Local reactions and hypersensitivity to topical administration are rare. 

Polymyxin B is used i.m., i.v. and orally. Polymyxin B sulfates is not absorbed from the normal alimentary tract, thus it is used for the treatment of enterocolitis, in bowel preparation for colon surgery. Active blood level is low. Repeated injections may give a cumulative effect. The drug is excreted slowly by the kidneys. Tissue diffusion is poor and the drug does not pass the blood brain barrier into the cerebrospinal fluid. That’s why, in meningeal infections, Polymyxin B sulfate should be administered only by the intrathecal route. It may be indicated for serious infections caused by susceptible strains, when less potentially toxic drugs are ineffective or contraindicated. Polymyxin B is a drug of choice in the treatment of infections of the urinary tract, skin, meninges, and bloodstream caused by Pseudomonas aeruginosa. It may be indicated for the treatment of pneumonia, bacteremia caused by Klebsiella pneumoniae.

Parenterally it should be given only to hospitalized patients, so as to provide constant supervision by a physician. Patients with nephrotoxicity due to polymyxin B sulfate usually show albuminuria, cellular casts, and azotemia. Neurotoxic reactions may be manifested by drowsiness, ataxia, perioral paresthesia, numbness of the extremities, and blurring of vision. The concurrent use of other nephrotoxic and neurotoxic drugs, particularly aminoglycosides, cephaloridine should be avoided. The neurotoxicity of polymyxin B sulfate can result in respiratory paralysis from neuromuscular blockade, especially when the drug is given soon after anesthesia and/or muscle relaxants. As with other antibiotics, use of this drug may result in superinfection, allergic reactions. It can cause severe pain at i.m. injection sites, and thrombophlebitis at i.v. injection sites.

Table 9.2.

Indications for using of basic and supplemental antibiotics 

	INFECTIONS
	ANTIBIOTIC(S) OF FIRST CHOICE
	ALTERNATIVE ANTIBIOTIC

	Staphylococci (susceptible to benzylpenicillin)
	Benzylpenicillin Phenoxymethylpenicillin
	Cephalosporins, Macrolides Vancomycin, Tienam

	Staphylococci (resistant to benzylpenicillin)
	Oxacillin, Vancomycin
	Cephalosporins, Macrolides

	Streptococci
	Benzylpenicillin, Ampicillin, Aminoglycosides
	Cephalosporins, Macrolides, Tetracyclines

	Pneumococci
	Benzylpenicillin, Ampicillin, Macrolides,
	Cephalosporins, Vancomycin

	Enterococci
	Benzylpenicillin+Gentamycin, Ampicillin
	Aminoglycosides, Vancomycin

	Meningococci
	Benzylpenicillin, Ampicillin 
	Levomycetin, Cephalosporins,

	Gonorrhea
	Amoxicillin, Ampicillin

Benzylpenicillin, Ceftriaxone
	Cephalosporins

	Syphilis
	Benzylpenicillin
	Macrolides, Tetracyclines

	Gas gangrene
	Benzylpenicillin
	Tetracyclines, Levomycetin, Cephalosporins, Clindamycin

	Tetanus
	Benzylpenicillin
	Tetracyclines, Cephalosporins, Clindamycin

	Diphtheria
	Macrolides, Benzylpenicillin
	Amoxicillin, Clindamycin 

	Infections caused by Proteus mirabilis
	Ampicillin, Cephalosporins
	Levomycetin, Gentamicin

	Proteus morganii Pr. rettgeri, Pr. Vulgaris
	Gentamicin, Amikacin, Carbenicillin
	Levomycetin, Tienam, Cephalosporins,

	Infections caused by Pseudomonas aeruginosa
	Aminoglycosides, Carbenicillin, Azlocillin
	Aztreonam, Tienam, Cephalosporins III

	Infections caused by E. coli
	Ampicillin, Cephalosporins III

Aminoglycosides
	Azlocillin

	Abdominal typhoid 
	Levomycetin
	Ampicillin, Tetracycline

	Bacillary dysentery
	Ampicillin
	Levomycetin, Tetracycline

	Brucellosis
	Tetracyclines (+Streptomycin)
	Levomycetin, Streptomycin

	Tularemia
	Tetracyclines
	Levomycetin, Streptomycin

	Plague
	Streptomycin + Tetracyclines
	Levomycetin, Streptomycin

	Cholera
	Tetracyclines
	Levomycetin

	Rickettsial infections
	Tetracyclines
	Levomycetin


DIFFERENT ANTIBIOTICS

Lincomycin is elaborated by Streptomyces lincolnensis. It resembles erythromycin in activity. Streptococci, staphylococci, pneumococci, and anaerobes (Bacteroides species, Clostridium tetani, Cl. perfringens) are inhibited by lincomycin. Enterococci and gram-negative aerobic organisms are resistant. Clostridium difficile, an important cause of pseudomembranous colitis, is resistant. Lincomycin, like Erythromycin, inhibits protein synthesis. It is usually considered bacteriostatic. Resistance to Lincomycin is generally confers cross-resistance to other macrolides.

Lincomycin rapidly absorbed from the gastrointestinal tract following oral administration; absorption decreased when taken with food. It can be injected i.m. or i.v. Widely and rapidly distributed to most fluids and tissues, except cerebrospinal fluid; high concentrations in bone, bile, and urine. Lincomycin readily crosses the placenta; also distributed into breast milk. Biotransformation takes place in liver. Half-life is about 4-6 hours. Lincomycin is eliminated by urine and bile.

The most important indication for Lincomycin is the treatment of severe infections caused by susceptible strains of streptococci, pneumococci, and staphylococci, as much as anaerobic infection. Lincomycin form a high antimicrobial concentration in bones, thus it can be used for the osteomyelitis treatment. 

Common adverse effects are diarrhea, nausea, and skin rashes. Impaired liver function (with or without jaundice) and neutropenia sometimes occur. Pseudomembranous colitis (severe diarrhea, fever), that followed lincomycin administration, is caused by Clostridium difficile. This potentially fatal complication must be treated with Metronidazole or Vancomycin.

Clindamycin is a chlorine-substituted derivative of Lincomycin. 
It is similar in spectrum activity and using to Lincomycin, however, it has higher antimicrobial activity. 

Vancomycin is a glycopeptide antibiotic produced by Streptococcus orientalis. 

It is active mainly against gram-positive bacteria, particularly staphylococci and anaerobes, including Clostridium difficile. It is resistance to β-lactamase. Vancomycin inhibits cell wall synthesis. It also may alter the permeability of bacterial cytoplasmic membranes and may selectively inhibit ribonucleic acid synthesis. It is poorly absorbed from the intestinal tract and is administered orally only for the treatment of antibiotic-associated enterocolitis caused by Clostridium difficile. Parenteral doses must be administered intravenously. The drug is widely distributed in the body. 80-90 % of the drug is excreted unchanged by glomerular filtration. 

The main indication for parenteral Vancomycin is sepsis or endocarditis caused by penicillin-resistant staphylococci. Vancomycin is irritating to tissue, resulting in phlebitis at the site of injection. Ototoxicity and nephrotoxicity are uncommon and mild with current preparations. However, administration with another ototoxic or nephrotoxic drug, such as an aminoglycoside, increases the risk of these toxicity. 

Fusidic acid is antibiotic broad-spectrum activity. Usually it is used as Fusidin sodium. It is active against staphylococci, meningococci, and gonococci. Fusidin inhibit the protein synthesis; acts bacteriostatic. Well absorbed in gastro-intestinal tract. It is distributed widely to tissues and body fluids. Agent tends to localize in bones. Fusidin is metabolized in liver and excreted by bile. Primary Fusidin is indicated for the treatment of disease caused by penicillin-resistant staphylococci. Adverse effects: nausea, vomiting, rash, jaundice. 

Available forms:

Benzylpenicillin-sodium – in bottles 250000; 500000; 1000000 unites each

Bicillinum-1 – in bottles 300000; 600000; 1200000 unites each

Oxacillin-sodium – in bottles 0,25; 0,5 each; tablets or capsules 0,25; 0,5 

Ampicillin trihydrate – tablets or capsules 0,25; 0,5 each

Ampicillin-sodium – in bottles 0,25; 0,5 each

Carfecillin – capsules 0,25 each

Cefazolin – in bottles 0,25; 0,5; 1,0; 2,0; 4,0 each

Cefoxitin – in bottles 1,0; 2,0 each

Cefotaxime – in bottles 0,5; 1,0; 2,0 each

Aztreonam – in bottles 0,5; 1,0 each

Gentamycin sulfate – in bottles 0,08 each; in ampoules 4 % solution 1 ml or 2 ml each; 0,1 % ointment 10,0 or 15,0

Amikacin sulfate – in bottles 0,1; 0,25; 0,5 each

Neomycin sulfate – tablets 0,1; 0,25 each; in bottles 0,5 each (to dilute at the rate of 1 ml physiological solution for 0,005 g); 0,5 %; 2 % ointment 15,0 or 30,0 each

Erythromycin – tablets 0,1; 0,25 each; 1 % ointment

Azithromycin – capsules 0,125; 0,25 each; tablets 0,5 each

Tetracycline – tablets 0,05; 0,1; 0,25 each

Doxycycline hydrochloride – capsules 0,05; 0,1 each; in ampoules 0,1 each

Chloramphenicol (Levomycetin) – tablets 0,25; 0,5 g each; capsules 0,1; 0,25; 0,5 each

Polymyxin M sulfate – in bottles 500000; 1000000 unites (to dilute at the rate of 1 ml physiological solution for 20000 unites); tablets 500000 unites each; liniment 30,0

Lincomycin hydrochloride – in ampoules 30 % solution 1; 2 ml; capsules 0,25 each

Lecture 36. SULFANILAMIDES

Sulfanilamides (sulfonamides) are synthetic derivatives of p-aminobenzenesulfonamide (sulfanilamide). If the N4-amino group is replaced with radicals that can be converted to a free amino group in the body, the compound retains antibacterial activity (diag. 9.1). Substitution in the N1-amide group produces compounds varying in solubility, protein binding, tissue distribution, and rate and mode of metabolism and excretion. Sulfanilamides generally are insoluble in water. The drugs are weak acids and form salts with bases; their sodium salts are very soluble in water. Solutions of the sodium salts of most sulfonamides are strongly basic.
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Diagram 9.1 Structure of sulfanilamides

Prontosil (Red streptocide) was one of the dyes included by G. Domagk to treat experimental streptococcal infection in mice at 1935 and found it to be highly effective. Since that time the usage of sulfanilamides has begun. All sulfanilamide medicines are the products of streptocide amide group hydrogen atom replacement by various radicals. The differences between them are efficiency rate and terms only.
Mechanism of action. Sulfanilamides are structural analogs of PABA (paraaminobenzoic acid) and appear to interfere with PABA utilization by competitively inhibiting the enzyme dihydropteroate synthase, which catalyzes the formation of dihydropteroic acid (a precursor of tetrahydrofolic acid), from PABA and pteridine. Sulfanilamides are usually bacteriostatic in action. Only microorganisms that synthesize their own folic acid are inhibited by sulfanilamides; animal cells and bacteria which are capable of utilizing folic acid precursors or preformed folic acid (tetrahydrofolic acid) are not affected by these drugs. Novocain is a PABA derivative: it antagonizes sulfanilamides. The antibacterial activity of the sulfanilamides is reportedly decreased in the presence of pus, blood or purulent body exudate, because they contain purines and thymidine that decrease bacterial requirement for folic acid.

Spectrum of activity. Sulfanilamides are active against gram-positive bacteria including some strains of staphylococci, streptococci, Bacillus anthracis, Clostridium tetani, and C. perfringens. The drugs are active in vitro against Enterobacter, Escherichia coli, Klebsiella, Proteus mirabilis, P. vulgaris, Salmonella, and Shigella. Sulfanilamides are active against some strains of Neisseria gonorrhea, Chlamydia trachomatis and also have some activity against Toxoplasma gondii and Plasmodium.

Organisms initially sensitive to sulfanilamides may develop resistance. Sulfanilamide-resistant strains emerge frequently when therapy is continued for 15 days or longer. Because of the availability of many safer and more effective antibiotics, sulfanilamides current utility is limited.

Classification of drugs

· Sulfanilamides which are well absorbed from gastro-intestinal system, with resorptive action:

c. short acting (T1/2 about 8 h) – Streptocide, Sulfathiazole (Norsulfazolum), Sulfadimidine (Sulfadimezinum), Sulfacarbamide (Urosulfanum), Sulfaethidole (Aethazolum);

d. intermediate acting (T1/2 lesser 12-14 h) - Sulfazinum (Sulfadiazine sodium), Sulfamethoxazole;

e. long action time (T1/2 about 24-28 h) – Sulfamethoxypyridazine (Sulfapyridazinum), Sulfamonomethoxine, Sulfadimethoxine;

f. ultra long action time (T1/2 about 65 h) –Sulfalene.

· Sulfanilamides which are badly absorbed from gastro-intestinal system, used for healing of intestinal infections - Sulfaguanidine (Sulginum), Phthalylsulfathiazole (Phthalazolum), Phthalylsulfapyridazine (Phthazinum).

· Combined preparations:

g. combination with salicylic acid for healing of non-specific ulceral colitis – Salazodin (Salazopyridazinum), Salazosulphapyridine (Sulphasalazine);

h. preparations containing trimethoprim – Cotrimoxazole (Biseptol), Sulfatonum (Sulfamonomethoxine + Trimethoprim).

· Preparations for local use - Sulfacetamide (Sulfacyl-sodium), Maphenidum, Silver sulfadiazine. Sodium salts of sulfanilamides.

Approximately 70-90 % of an oral dose of the absorbable sulfanilamides is reportedly absorbed from the small intestine. Norsulfazolum, Sulfadimezinum, Aethazolum, and Urosulfanum are absorbed rapidly; peak blood concentrations are usually obtained within 2-4 hours. Sulfazinum, Sulfamethoxazole and Sulfapyridazinum are absorbed at a slower rate with peak blood concentrations occurring within 3-7 hours. Absorbable sulfanilamides are widely distributed in the body. They may appear in breast milk, synovial and cerebrospinal fluids. Sulfanilamides readily cross the placenta.

Sulfanilamides are bound in varying degrees to plasma proteins. Sulfazinum, Norsulfazolum are reportedly 12-50 % bound to plasma proteins and Sulfadimethoxine and Sulfapyridazinum are reportedly 85-90 % bound to plasma proteins. 

A portion of absorbed drug is mostly acetylated and also glucuronidated in the liver. The rate of sulfanilamides acetylation is differ each other – Urosulfanum, Aethazolum has the lowest extend, and Streptocide, Sulfadimezinum – the highest. The metabolites do not possess antibacterial activity. N4-acetyl metabolites are usually less soluble than the parent sulfanilamide, particularly in acidic urine, however, glucuronide derivatives are water soluble. Sulfanilamides and their metabolites are excreted mainly by the kidneys via glomerular filtration. Alkalization of urine increases the solubility of sulfanilamides and decreases tubular reabsorption, resulting in increases renal excretion of the drugs. Except for the poorly absorbed sulfanilamides only small amounts of sulfanilamides are excreted in feces.

The basic principles of sulfanilamide chemotherapy are following. The first dose (blowing dose) of absorbable sulfanilamides must be in two times bigger than subsequent doses (keeping up dose), except Cotrimoxazole. The sulfanilamide therapy has to be continued during 2-3 days after clinical recover (“sulfanilamide train”). Patients also have to drink a lot (1,5-2 liters a day) of alkaline water.

Therapeutic uses

e. Urosulfanum, Aethazolum are highly soluble (free as well as acetylated form) even in acidic urine – crystalluria is less likely. More than 60 % is excreted unchanged in urine. They are highly desirable for urinary tract infections, including pyelonephritis, pyelitis. They must be taken four times a day.

f. Norsulfazolum, Sulfadimezinum are also rapidly absorbed, very little acetylated and quickly excreted in urine. They can be used for the treatment of meningitis, pneumonia and other infection diseases. In addition Sulfadimezinum is indicated for toxoplasmosis and gonorrhea.

g. Sulfazinum has slower oral absorption and urinary excretion. It used on twice daily schedule for pneumonia, bronchitis, and malaria treatment.

h. Sulfapyridazinum, Sulfadimethoxine are highly protein bound, lipid soluble, and slowly excreted sulfanilamides. They used once a day for the treatment of pneumonia, otitis, bile duct and urinary tract infections, malaria, lepra, Sulfapyridazinum – also for meningitis.

i. Sulfalene is ultra long acting compound, action lasting more than 7 days. It has been used in the treatment of malaria, infections of bile duct and urinary tract. Sulfalene can be taken orally 0,2g (1 tab) every day or 2g once a week.

j. Sulginum, Phthalazolum have N4 as well as N1 substitution. That’s why, they are not active as such and are not absorbed in the small intestine. In the bowel, bacteria split off the N4 substitution to release sulfanilamide, which is active locally. These agents have been used for colitis, gastroenteritis, and dysentery and for preparation of bowel before colonic surgery. Small amount of sulfanilamide that gets absorbed can cause toxicity including crystalluria.

k. Salazopyridazinum, Salazosulphapyridine are spitted by intestinal microflora to yield Sulfapyridazinum and 5-aminosalicylate in first case; Sulfapyridine and 5-aminosalicylate in second case. They are widely used in ulcerative colitis, enteritis, and other inflammatory bowel diseases. Salicylate is released in the colon in high concentration and is responsible for an anti-inflammatory effect, the major source of benefit from this drug. Comparably high concentrations of salicylate cannot be achieved in the colon by oral intake of ordinary formulations of salicylates because of severe gastrointestinal toxicity. In addition, it was found to suppress the disease in significant number of rheumatoid arthritis patients.

l. Cotrimoxazole is the combination of Sulfamethoxazole with Trimethoprim. Trimethoprim is a diaminopyrimidine derivative, it selectively inhibits bacterial dihydrofolate reductase. The two drugs cause sequential block of folate metabolism (diag. 9.2.). Individually both sulfanilamides and trimethoprim are primarily bacteriostatic, but the combination becomes cidal against many organisms. Trimethoprim is about 50000 times more active against bacterial dihydrofolate reductase than against mammalian enzyme. Thus, human folate metabolism is not interfered at antibacterial concentration of trimethoprim.
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Diagram 9.2 Mechanism of action of Cotrimoxazole
Trimethoprim is usually given orally, alone or in combination with Sulfamethoxazole, the latter chosen because it has a similar half-life. Trimethoprim is absorbed well from the gut and distributed widely in body fluids and tissues, including cerebrospinal fluid. Because Trimethoprim is more lipid-soluble than Sulfamethoxazole, it has a larger volume of distribution than the latter drug. Therefore, when 1 part of Trimethoprim is given with 5 parts of Sulfamethoxazole (the ratio in the formulation), the peak plasma concentrations are in the ratio of 1:20, which is optimal for the combined effects of these drugs in vitro. About 65-70 % of each participant drug is protein-bound, and 30-50 % of the sulfanilamide and 50-60 % of the Trimethoprim (or their respective metabolites) are excreted in the urine within 24 hours.

Sensitive to Trimethoprim-Sulfamethoxazole combination are Escherichia coli, Salmonella typhus, Proteus mirabilis, and Klebsiella pneumonia, Enterobacter, Pneumocystis carinii, many stains of Staphylococcus. A combination of trimethoprim-sulfamethoxazole is effective treatment for chronic bronchitis, pneumonia, urinary tract infections (cystitis, pyelonephritis, pyelitis), prostatitis, shigellosis, typhoid fever, and many others. It is the agent of choice Pneumocystis carinii pneumonia, especially in patients with AIDS. It may be used for gram-negative bacterial sepsis, including that caused by some multiple-drugresistant species such as Enterobacter and Serratia.

Trimethoprim produces the predictable adverse effects of an antifolate drug, especially megaloblastic anemia, and leukopenia. This can be prevented by the simultaneous administration of folinic acid, 6-8 mg/d. In addition, the combination Trimethoprim-Sulfamethoxazole may cause all of the untoward reactions associated with sulfanilamides. 
Sulfatonum is combination of Sulfamonomethoxine (0,25g) with Trimethoprim (0,1g). It’s characteristic is similar to Cotrimoxazole. 

m. Sulfacyl-sodium ophthalmic solution or ointment is effective treatment for bacterial conjunctivitis and as adjunctive therapy for trachoma. It has been most commonly used for treatment and prevention of gonococcal ophthalmitis, including newborns. 

n. Mafenide is used topically to prevent bacterial colonization and infection of burn wounds. It does not inactivated by PABA. 

o. Sulfazinum silver is a much less toxic topical sulfanilamide and is preferred to mafenide for prevention of infection of burn wounds. It slowly releases silver and are used to suppress bacterial growth in burn wounds.

Adverse effects of the sulfanilamides are numerous. Although serious, in some cases fatal, reactions have been reported, they occur infrequently. Various dermatoid reactions, including rash, eosinophilia, pruritus, photosensitivity, Stevens-Johnson and serum sickness syndrome have been reported. Acute hemolytic anemia may occur as a result of sensitization or glucose-6-phosphate dehydrogenase (G-6-PD) deficiency. Adverse hematoid effects, including methemoglobinemia, sulfhemoglobinemia, leukopenia, aplastic anemia, thrombocytopenia, have been associated with sulfanilamide therapy. Renal damage, manifested by kidney stone formation, renal colic, toxic nephrosis is usually a result of crystalluria caused by precipitation of the sulfanilamide and/or its acetyl derivative in acid urine. Urinary alkalization may be achieved by administering 2.5-4 g of sodium bicarbonate orally every 4 hours. Nausea or vomiting, gastroenteritis, diarrhea also have been reported. Adverse neurology effects, including headache, dizziness, mental depression, fatigue, and acute psychosis may occur. 

Drug interactions. Sulfanilamides may potentiate the effects of coumarin anticoagulants and oral antidiabetic agents by displacing them from their protein-binding sites. Some sulfanilamides may inhibit metabolism of phenytoin and should be used with caution in patients receiving the drug. Since Hexamethylenetetramine (Methenamine) requires acidic urine for its antibacterial effect, the drug should not be used concomitantly with less soluble sulfanilamides (e.g., Sulfazinum) which may crystallize in acidic urine. 

Available forms:

Aethazolum – powder or tablets 0,5 gram each.

Sulfamethoxypyridazine – powder or tablets 0,5 gram each.

Phthalylsulfathiazole (Phthalazolum) – powder or tablets 0,5 gram each.

Bactrim (480) – tablets, including 80 mg trimethoprim and 400 mg sulfamethoxazole; Bactrim – (120) – tablets, including 20 mg trimethoprim and 100 mg sulfamethoxazole (for children).

Sulfacyl-sodium – powder, in ampoules 30 % solution 5 ml each; in bottles 30 % solution 5 or 10 ml each (eyes drops).

Lecture 37. 
Antimicrobials - DERIVATIVES OF DIFFERENT 


GROUPS

NITROFURANE DERIVATIVES

These are the medicines of a great efficiency spectrum. Their mechanism of action is the turning of nitro-group into the amino-group and germs cellular respiration suppression. Medium concentrations are bacteriostatic, large doses become bactericide.

Microorganism’s resistance to nitrofuran derivatives develops slowly. No cross-resistance to antibiotics or sulfanilamides occurs. They may be combined with penicillins, streptomycin, other aminoglycosides and tetracyclines.

Furazolidone is a broad-spectrum anti-infective that is effective against most gastrointestinal tract pathogens. Furazolidone is active in vitro against Enterobacter aerogenes, Escherichia coli, Proteus species, Salmonella species, Shigella species, and staphylococci. It is indicated in the treatment of bacterial diarrhea caused by susceptible organisms. Furazolidone is indicated in the treatment of lambliasis (giardiasis) caused by Giardia lamblia, and for the treatment of trichomoniasis.

It is well absorbed following oral administration. It is rapidly and extensively metabolized. Furazolidone and Nitrofurantoin (Furadoninum) may cause the dark yellow to brown discoloration of urine. Furazolidone also acts as a monoamine oxidize (MAO) inhibitor. That’s why concurrent use of MAO inhibitors, tyramine- or other high pressor amine-containing foods and beverages, such as cheese; beer; liqueurs; smoked or pickled meat, or fish; and any overripe fruits with Furazolidone may precipitate hypertension. 

Patients should be advised not to drink alcoholic beverages while taking Furazolidone and for 4 days after discontinuing it, because concurrent use of alcohol with Furazolidone may rarely result in a disulfiram-like reaction, characterized by facial flushing, difficult breathing, slight fever, and tightness of the chest. 

Hypersensitivity reactions (fever; itching; joint pain; skin rash or redness) hemolytic anemia in glucose-6-phosphate dehydrogenase deficiency patients, and gastrointestinal disturbances (abdominal pain, diarrhea, nausea, or vomiting) also may appear during Furazolidone be used. 

Nitrofurantoin (Furadoninum) is indicated in the treatment of urinary tract infections caused by susceptible strains of Escherichia coli, enterococci, Staphylococcus aureus, Enterobacter species, and Proteus species. 

Nitrofurantoin is rapidly and completely absorbed in the small intestine. About 30 % - 40 % of Nitrofurantoin is rapidly excreted unchanged. Therapeutic concentrations are achieved only in the urine, serum concentrations are very low.

Gastrointestinal disturbances and hypersensitivity reactions are the principal side effects of Furadoninum. Hemolytic anemia can occur in glucose-6-phosphate dehydrogenase deficiency patients. Furadoninum also antagonizes the action of nalidixic acid. Both Furazolidone and Furadoninum should preferably be taken with food or milk. This minimizes gastrointestinal irritation.

QUINOLONES

Quinolones are active against most of gram-negative organisms, including Proteus species, Klebsiella species, Enterobacter species, Salmonella species, Shigella species, and Escherichia coli. The majority of staphylococci strains are susceptible to quinolones. Quinolones appears to act by inhibiting bacterial DNA synthesis.

Nalidixic acid (Negram®) is the first antibacterial quinolone. It is the derivative of Naftiridin. It is bacteriostatic or bactericidal depending on the concentration. Resistance may develop rapidly during treatment. 

Nalidixic acid rapidly and almost completely absorbed from the gastrointestinal tract. Since nalidixic acid achieves only low concentrations in the serum and is concentrated in the urine, it is indicated only in the treatment of urinary tract infections. Half-life of nalidixic acid in serum is about 1 to 2.5 hours; in urine – 6 hours. It crosses the placenta and is excreted in breast milk.

The main side effects are diarrhea, nausea, vomiting, hypersensitivity, dizziness, headache, seizures, photosensitivity (increased sensitivity of skin to sunlight). Since nalidixic acid and other related compounds have been shown to cause arthropathy in immature animals, use is not recommended in first three months of pregnancy and in children up to 2 years of age. 

Oxolinic acid (Gramurin) is similar in structure and function to Nalidixic acid. It has higher antimicrobial activity, than Nalidixic acid, but more neurotoxic. 

Fluoroquinolones are synthetic fluorinated analogs of Nalidixic acid. Fluorinated derivatives (Ciprofloxacin, Ofloxacin, and others) have greatly improved antibacterial activity compared with nalidixic acid and achieve bactericidal levels in blood and tissues. Their spectrum of antimicrobial activity is similar to first quinolones. In addition fluoroquinolones act on Pseudomonas, Neisseria, and Campylobacter, intracellular pathogens such as Legionella, Chlamydia, and some Mycobacteria, including M. tuberculosis. Anaerobes generally are resistant. Fluoroquinolones block bacterial DNA synthesis by inhibiting bacterial topoisomerase II (DNA gyrase) that is required for normal transcription and replication. During fluoroquinolone therapy, resistant organisms emerge, especially among staphylococci, streptococci, Pseudomonas. 

After oral administration, the fluoroquinolones are well-absorbed (bioavailability of 80-95 %) and distributed widely in body fluids and tissues. They badly bind with serum proteins. Serum half-life range from 4 hours (Ciprofloxacin) up to 8 hours (Pefloxacin and Ofloxacin). The fluoroquinolones are excreted mainly by kidney mostly unchanged. 

Ciprofloxacin, Pefloxacin, and Ofloxacin are indicated in the treatment of urinary tract infections (cystitis, and pyelitis); bacterial prostatitis caused by susceptible organisms. Ciprofloxacin and Ofloxacin are indicated in the treatment of bone and joint infections; skin and soft tissue infections; chronic bronchitis; pneumonia caused by susceptible organisms. Also they are indicated in the treatment of endocervical and urethral infections caused by N. gonorrhea. Finally parenteral Ciprofloxacin is indicated in the treatment of septicemia caused by E. coli or S. typhi.

Adverse effects. Fluoroquinolones at an alkaline pH may form crystals that have resulted in crystalluria. Because normal urinary pH is acidic (approximately 5 to 6) crystalluria is very unlikely to occur. They also may leads to diarrhea, nausea or vomiting, hypersensitivity reactions, photosensitivity, CNS toxicity (dizziness; headache; drowsiness; insomnia; tremor). Very rarely seizure and acute psychosis may appear. Fluoroquinolones are not recommended for use during pregnancy, breast-feeding, in children, and adolescents because they have been shown to cause arthropathy in immature animals.

Fluoroquinolones inhibit the cytochrome oxidizing (P-450) enzyme system of liver that can intensify the effect of agents, which metabolized by these enzymes. For instance, concurrent use of Theophylline (Aminophylline, Caffeine) with fluoroquinolones may result in a prolonged theophylline elimination half-life, increased serum concentration, and increased risk of theophylline-related toxicity. 

8-OXYQUINOLINES

8-Oxyquinolines (8-hydroxyquinoline) possess antimicrobial, antiprotozoal, and antifungal activity. Representatives of this group are Chlorquinaldol, complex agent Attapulgite, and Nitroxoline (5-NOK).

Chlorquinaldol is used for the treatment of intestine infection diseases such as dysentery, salmonellosis, intestine infections caused by staphylococci, Proteus species, and another Enterobacter species. In addition it may be prescribed for amebiasis and lambliasis. Chlorquinaldol is used orally. Most of an oral dose of the drug is not absorbed from the gastro-intestinal tract but is excreted in feces. It acts primarily in the intestinal lumen. 

Adverse gastro-intestinal effects of Chlorquinaldol include nausea, vomiting, epigastric burning and pain, allergic reactions. The drug can cause optic neuritis, optic atrophy, and peripheral neuropathy, especially in children. Permanent loss of vision has occurred. Dysesthesia and weakness are reported to occur commonly in adults. Duration of Chlorquinaldol therapy less than 7 days. 
Attapulgite is similar in activity and indications to Chlorquinaldol.

Nitroxoline is distinguishing by rapid absorption from the gastrointestinal tract. It is excreted mainly by kidney mostly unchanged; thus it concentrated in urine. Nitroxoline can be used for urinary tract infections (pyelitis, cystitis). It causes the yellow discoloration of urine. In general it has low toxicity. Sometimes nausea and allergic reactions may occur.

IMIDAZOLE DERIVATIVES

Metronidazole acts microbicidal against most obligate anaerobic bacteria and protozoa (Trichomonas vaginalis, Giardia lamblia, and Entamoeba histolytica) by undergoing intracellular chemical reduction. Reduced metronidazole interacts with DNA to cause inhibition of nucleic acid synthesis and cell death. Metronidazole is indicated in the treatment of protozoal diseases (amebiasis, lambliasis, trichomoniasis), bone, pelvic and intra-abdominal infections, endocarditis, septicemia caused by anaerobic bacteria (Bacteroides and Clostridium species). It is indicated for the prophylaxis of perioperative infections during colorectal surgery. Metronidazole can be prescribed for adjunct treatment of Helicobacter pylori-associated gastritis.

Metronidazole is well absorbed orally. It is widely distributed to tissues and fluids of organism; it crosses the placenta and blood-brain barrier, also. The half-life is about 8-10 hours. Metronidazole and its metabolites mostly eliminated by kidneys that cause the red to brown discoloration of urine. 

Adverse effects of Metronidazole are dry mouth, an unpleasant or sharp metallic taste, diarrhea, nausea or vomiting, loss of appetite, hypersensitivity, leukopenia, and vaginal candidiasis. It is contraindicated during active organic disease of the CNS, pregnancy, breast-feeding. Metronidazole not be used concurrently with, or for at least 1 day following, ingestion of alcohol, because disulfiram-like effects may occur.

Tinidazole is similar in structure and function to Metronidazole. It is indicated in the treatment amebiasis, lambliasis, and trichomoniasis. It acts longer than Metronidazole.

QUINOXOLINE DERIVATIVES

Chinoxydin and Hydroxymethylhinoxilindioxide (Dioxydinum) are active against Proteus vulgaris, Cyanobacteria, Escherichia coli, Salmonella and Shigella species, staphylococci, Clostridium species. These agents are indicated for severe purulent inflammation, such as pyelocystitis, cholecystitis, abscess of lungs, empyema, septicemia, that caused by susceptible organisms. The agents can be used only in adults. Usually, Chinoxydin is taken orally and Dioxydinum – locally, intracavitary and intravenous. During treatment nausea, vomiting, dizziness, headache, allergic rash, seizure of skeletal muscle can appear.

Available forms:

Furazolidone, Furadoninum – tablets 0,05 g each

Nalidixic acid– capsules or tablets 0,5 g each

Ofloxacine – tablets 0,2 g each

Ciprofloxacine – tablets 0,25; 0,5; 0,75 g each, in bottles 0,2 % solution 50 or 100 ml each 

Chlorquinaldol – tablets 0,03 (for children) or 0,1 gram each

Nitroxoline – tablets 0,05 g each

Metronidazole – tablets 0,25; 0,5 g each; vaginal suppositories 0,5 g 

Chinoxydin – tablets 0,25 g each

Lecture 38. ANTITUBERCULOSIS DRUGS

Tuberculosis, mycobacterial infection, is among the most difficult of all bacterial infections to cure. The lipid-rich mycobacterial cell wall is impermeable to many agents. A substantial proportion of mycobacterial organisms are intracellular, and inaccessible to drugs that penetrate poorly. Finally, mycobacteria are notorious for their ability to develop resistance to any single drug. Combinations of drugs are required to overcome these obstacles and to prevent emergence of resistance during the course of tuberculosis treatment. In practice, therapy is initiated with a 3-4-drug regimen. The response of Mycobacterium tuberculosis to chemotherapy is slow, and treatment must be administered for 6-12 months. 

Classification of antituberculosis agents

· Basic (first-line) agents:

i. antibiotics - Streptomycin, Rifampicin;

j. synthetic drugs – Isoniazid, Ethambutol.

· Supplemental (second-line):

k. antibiotics – Cycloserine, Kanamycin;

l. synthetic drugs – Ethionamide, Pyrazinamide, Para-aminosalicylate sodium.

Usually, basic agents are more effective and less toxic, than reserve agents are. Thus, basic agents are the drugs of first choice. The alternative drugs are usually considered only in the case of resistance to the drugs of first line and in case of the toxic effects. As the rule, synthetic drugs acts on mycobacteria only. However, antituberculosis antibiotics are the broad-spectrum antimicrobial’s agents.

Rifampicin is a semisynthetic derivative of rifamycin, an antibiotic produced by Streptomyces mediterranei. It is active in vitro against gram-positive and gram-negative cocci, some enteric bacteria (E. coli, Salmonella, some strains of Pseudomonas and Proteus), and Mycobacteria. Administration of rifampicin as a single drug quickly selects the highly resistant organisms. Rifampicin binds strongly to the bacterial DNA-dependent RNA polymerase and thereby inhibits RNA synthesis. Human RNA polymerase does not bind rifampin and is not inhibited by it. Rifampicin is bactericidal for Mycobacteria. It can kill microorganisms that are poorly accessible to many other drugs, such as intracellular organisms and those sequestered in abscesses and lung cavities.

Rifampicin is well absorbed after oral administration. Being lipid-soluble, Rifampicin diffuses well to most body tissues and fluids, including the cerebrospinal fluid. Therapeutic concentrations are achieved in the saliva, sputum, bones, and pleural cavity. It crosses the placenta and is distributed into breast milk. Rifampicin is relatively highly protein-bound drug (90 %). Agent rapidly deacetylated by auto-induced microsomal oxidative enzymes to metabolites. Rifampicin excreted mainly through the liver into bile and then undergoes enterohepatic recirculation. The Rifampicin half-life initially 3-5 hours; with repeated administration, half-life decreases to 2-3 hours.

Rifampicin can be administered orally or i.v. The usual daily dose for adult is about 0,6 g given once a day. Rifamycin can be used i.v., i.m. or locally. Rifampicin is effective in tuberculosis and in leprosy. Rifampicin therapy is also indicated for treatment of bronchitis, pneumonia, osteomyelitis, and biliary tract infections caused by susceptible infections. Rifampicin imparts a harmless reddish-orange color to urine, sweat, and tears.
Occasional adverse effects include itching, rash, diarrhea, stomach cramps, and leukopenia. It may cause cholestatic jaundice and occasionally hepatitis (table 9.3). Rifampicin induces microsomal enzymes (e.g., cytochrome P-450), which increases the elimination of numerous other drugs including oral anticoagulants, some anticonvulsants, and contraceptives. Rifampicin is not recommended during pregnancy, breast-feeding, and hepatitis.

The mechanism of action and the pharmacologic features of Streptomycin have been discussed in lecture “Antibiotics”. Streptomycin sulfate remains an important drug in the treatment of tuberculosis, especially when an injectable drug is desirable, principally in individuals with severe forms of tuberculosis, e.g., meningitis, disseminated disease. 

Isoniazid, introduced in 1952, is the most active drug for the treatment of tuberculosis. It is the hydrazide of isonicotinic acid. The Isoniazid structure is similar to Pyridoxine. Isoniazid may be bacteriostatic and bactericidal. It is active against both extracellular and intracellular organisms. Isoniazid inhibits synthesis of mycolic acids, which are essential components of mycobacterial cell walls. Isoniazid-resistant mutants occur in susceptible mycobacterial populations less frequent than streptomycin or rifampicin ones. 

Isoniazid is readily absorbed from the gastrointestinal tract. It diffuses readily into all body fluids and tissues, including CNS and cerebrospinal fluid. Isoniazid crosses the placenta and is distributed into breast milk. Metabolism of Isoniazid, especially acetylation by liver N-acetyltransferase, is genetically determined. The average concentration of isoniazid in the plasma of rapid acetylators is about 1/3 to 1/2 of that in slow acetylators and average half-lives are less than 1 hour and 3 hours, respectively. Patients who are slow acetylators may be more prone to development of adverse effects and may require lower doses. Isoniazid excreted by the kidneys within 24 hours; more than 90 % of the Isoniazid excreted as the acetylated form in fast acetylators and less than 90 % in slow acetylators. The typical adult daily dose of Isoniazid is 300-600 mg given 1-3 times a day. In case of serious infections or gastrointestinal disturbances it can be used i.m., i.v., or in inhalation. 

Peripheral neuritis (unsteadiness, numbness, tingling, burning, or pain in hands and feet) can observed in patients, because Isoniazid act as a Pyridoxine (vitamin B6) antagonist, hampering the conversion of pyridoxine into its active form (table 9.3). Pyridoxine is recommended for patients with conditions predisposing to neuropathy. CNS toxicity, which is less common, includes memory loss, psychosis, and seizures. Fever and skin rashes are occasionally seen. Diarrhea, vomiting, and hepatitis also may appear.

Ethambutol is a synthetic, bacteriostatic antitubercular agent. It diffuses into mycobacteria and suppresses multiplication by interfering with RNA synthesis. Ethambutol is well absorbed from the gut. Agent is widely distributed to most tissues and body fluids except cerebrospinal fluid. The most common serious adverse event is retrobulbar neuritis causing loss of visual acuity and red-green color blindness. This dosage-related side effect which appear after 2 months of therapy. Thus, periodic visual acuity testing is desirable. Ethambutol is contraindicated during pregnancy.

Table 9.3

Typical adverse effects of antituberculosis agents

	Group
	Agents
	GI upset
	CNS toxicity
	Neuritis
	Ototoxicity
	Visual 

upset
	Hepato-toxicity
	Nephro-toxicity
	Allergic 
reactions
	Super-infections

	I
	Rifampicin
	+
	
	
	
	
	+
	
	+
	+

	
	Streptomycin
	
	
	+
	+
	
	
	
	+
	+

	
	Isoniazid
	
	+
	+
	
	
	
	
	+
	

	
	Ethambutol
	
	
	+
	
	+
	
	
	+
	

	II
	Cycloserine
	
	+
	
	
	
	
	
	+
	

	
	Kanamycin
	
	
	
	+
	
	
	
	+
	+

	
	Ethionamide
	+
	
	
	
	
	
	
	+
	

	
	Pyrazinamide
	
	
	
	
	
	+
	
	+
	

	
	P-aminosalicylate sodium
	+
	
	
	
	
	
	
	+
	


Cycloserine, a broad-spectrum antibiotic, is bactericidal for Mycobacteria. Cycloserine is an analog of the amino acid D-alanine. It inhibits bacterial cell wall synthesis. Cycloserine is rapidly and almost completely absorbed from the gastro-intestinal tract following oral administration. It is distributed widely, to most body fluids and tissues. The most serious toxic effects are peripheral neuropathy and central nervous system dysfunction, including dizziness, muscle twitching or trembling, anxiety, nervousness, drowsiness, and nightmares. These may be minimized by glutamic acid, pyridoxine, and ATP.

Kanamycin is antibiotic of aminoglycoside group. It has the same mechanism of action, spectrum activity, and pharmacokinetic as streptomycin. Kanamycin has been used for treatment of tuberculosis caused by streptomycin-resistant strains. 

Ethionamide is chemically related to isoniazid. Its mechanism of action is not known exactly, but it appears also to block the synthesis of mycolic acids. It is rapidly and fully absorbed from the gastrointestinal tract following oral administration; widely distributed to most tissues and fluids. Agent may cause the intense gastric irritation, which accompanied by nausea, vomiting, loss of appetite, and abdominal pain. Orthostatic hypotension, peripheral neuritis, and skin rash can occur. Ethionamide is also hepatotoxic. Adverse effects may be alleviated by nicotinamide.

Pyrazinamide is a relative of Nicotinamide. Tuberculosis bacilli develop resistance to Pyrazinamide fairly readily. It is rapidly and completely absorbed from the gastrointestinal tract. Pyrazinamide has distributed widely, to most fluids and tissues. Major adverse effects of Pyrazinamide include hepatotoxicity (in 1-5 % of patients), vomiting, drug fever, and hyperuricemia, which may provoke acute gouty arthritis.

Para-aminosalicylate sodium (PASA) is structurally similar to para-aminobenzoic acid (PABA) and to the sulfanilamides. It is a folate synthesis antagonist that is active almost exclusively against Mycobacterium tuberculosis, acts bacteriostatic. It is rapidly and well absorbed from gastrointestinal tract. Agent diffuses readily into various body fluids except cerebrospinal fluid. Gastrointestinal symptoms such as anorexia, nausea, diarrhea, and epigastric pain are often accompany full doses of p-aminosalicylate sodium. Hypersensitivity reactions, hepatitis, crystalluria, granulocytopenia, goiter or myxedema may occur. 

Available forms:

Rifampicin – tablets or capsules 0,05; 0,15 g each; in ampoules 0,15 g 

Isoniazid – powder; tablets 0,1; 0,2 or 0,3 g each; in ampoules 10 % solution 5 ml each 

Streptomycin sulfate – in bottles 0,25; 0,5; 1 g each 

Cycloserine – tablets or capsules 0,25 g each 

Sodium para-aminosalicylate – powder; tablets or capsules 0,5 g each; in bottles 3 % solution 250 ml or 500 ml each

Lecture 39. ANTISYPHILITIC AGENTS

Syphilis is infectious disease caused by Treponema pallidum and transmitted by direct contact, usually through sexual intercourse. For syphilis treatment are prescribed antibiotics and organic compounds containing arsenic and bismuth. 

For syphilis drugs of first choice are agents of Benzylpenicillin. They possess rapid and considerable treponemicidal action. Treponema pallidum is unable to gain resistance to penicillins. In cases of allergic reactions, caused by penicillins, tetracyclines, macrolides and cephalosporins are used, though their efficiency is lower than of penicillins.

Organic arsenic-containing compound is Myarsenolum. Mechanism of action is the binding of arsenic with sulfhydrate groups of treponema enzymes and cessation of their activity. Because of Myarsenolum toxicity and the availability of many more effective agents, Myarsenolum current utility is limited. The adverse effects are encephalopathy, peripheral neuropathy, renal and hepatic dysfunction. Bismuth agents (Biiochinolum, Bismoverol) have the same mechanism of action as arsenic compounds, however, bismuth compounds are less toxic. After i.m. injections they are released slowly. Adverse effects are grey gingival colour (bismuth edge), gingivitis, stomatitis, gastrointestinal disturbances, dermatitis, and renal upset. Sodium and Potassium iodide are used in the late period of syphilis for enhance gumma dissimilation.

Available forms:

Biiochinolum – in bottles 100 ml each

Lecture 40. ANTIPROTOZOAL DRUGS

ANTIMALARIAL DRUGS

Four species of Plasmodium are responsible for human malaria: P. vivax and P. ovale that cause three-days malaria; P. malariae (four-days malaria) and P. falciparum (tropical malaria). The transmitter of Plasmodium is mosquito. The sporozoites that develop in the mosquito are then inoculated into humans at its next feeding. In the first stage of development in humans, the exoerythrocytic stage, the sporozoites multiply in the liver to form tissue schizonts. Later, the parasites escape from the liver into the bloodstream as merozoites to initiate the erythrocytic stage. In this stage they invade red blood cells, multiply in them, and finally rupture the cells, releasing a new crop of merozoites. This cycle may be repeated many times. Meanwhile, partly merozoites are transformed in gametocytes (the sexual stage) and they may be taken in by another mosquito, which becomes infected, by taking human blood that contains gametes. In P. vivax and P. ovale infections, sporozoites also induce in hepatic cells the dormant stage (the hypnozoite) that causes subsequent recurrences (relapses) of the infection. 

Drugs that eliminate developing tissue schizonts or latent hypnozoites in the liver are called tissue schizonticides (diag. 9.3). Those that act on blood schizonts are blood schizonticides. Gametocides are drugs that prevent infection of mosquitoes by destroying gametocytes in the human blood. Sporonticidal agents are drugs that act on sporozoites noninfective in the mosquito. For causal malaria prophylactic are used sporonticides and tissue schizonticides (Pyrimethamine (Chloridin), Proguanil (Bigumal), and Primaquine). However, blood schizonticides are prescribed for abortion and prevention of malaria attacks. Gametocides are useful for social chemoprophylaxis of malaria spreading. 

Classification of antimalarial drugs

· Blood schizonticides: Chloroquine, Mefloquine, Quinine, Chloridin, Bigumal, and sulfanilamides.

· Tissue schizonticides: 

m. agents that acts on preerythrocytic forms (tissue schizonts) - Chloridin, Bigumal, Primaquine;

n. agents that active against para-erythrocytic forms (hypnozoites) - Primaquine, Quinocide. 

· Gamete-tropic drugs: 

o. gametocidal drugs - Chloroquine, Primaquine, Quinocide;

p. sporontocidal agents - Chloridin, Bigumal.

Chloroquine is a synthetic 4-aminoquinoline. Chloroquine is a highly effective blood schizonticide and is most widely used in chemoprophylaxis and in treatment of malaria attacks. It is also moderately effective against gametocytes. Chloroquine act by blocking the synthesis of DNA and RNA in both mammalian and protozoal cells. Within the parasite, the drug interferes with the parasite's ability to metabolize and utilize erythrocyte hemoglobin. Selective toxicity for malarial parasites depends on a chloroquine-concentrating mechanism in parasitized cells. Also chloroquine has anti-inflammatory activity. It has been useful in the treatment of autoimmune disorders and for amebic liver abscess.
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Diagram 9.3 Activity of antimalarial agents

It is rapidly and almost completely absorbed from the gastrointestinal tract, reaches maximum plasma concentrations (50-65 % protein-bound) in about 3 hours, and is rapidly distributed to the tissues. From tissues it is slowly released and metabolized. It is excreted in the urine with a half-life of 3-5 days. Renal excretion is increased by acidification of the urine. Gastrointestinal symptoms, pruritus, blurring of vision are appear during prolonged treatment of autoimmune diseases. Chloroquine cumulation may contribute to the development of irreversible retinopathy, hepatoxicity, heart disorders.

Chloridin (Pyrimethamine) and Bigumal (Proguanil) are blood schizonticides. Chloridin is a derivative of diaminopyrimidine related to trimethoprim (lecture “Sulfanilamides”). Bigumal is a biguanide derivative. Chloridin and Bigumal are dihydrofolate reductase inhibitors (folic acid antagonists, antifols). They have a higher affinity for plasmodial dihydrofolate reductase than the human enzyme. Resistance to them is widespread in certain areas.

Both Chloridin and Bigumal are slowly but adequately absorbed from the gastrointestinal tract. Chloridin has an elimination half-life 3-4 days and Bigumal - 16 hours. Therefore, in prophylaxis, Bigumal must be administered daily, whereas Chloridin can be given once a week. Chloridin and Bigumal are used for personal malaria prophylaxis. Also they are indicated in combination with sulfanilamides or/ and Chloroquine in the treatment of malaria. Metakelfin contains Chloridin and Sulfalene; Fansidar includes Chloridin and sulfadoxine. Such combination is the example of effect potentiation. Finally, Chloridin is used for toxoplasmosis treatment. 

Chloridin and biguanide can cause nausea, skin rashes, and alopecia. In the high doses of Chloridin used in toxoplasmosis, side effects of folic acid deficiency (megaloblastic anemia, agranulocytosis, and thrombocytopenia) are common. Also in high doses, neurologic symptoms (headache, insomnia, depression, ataxia, tremors, and seizures) may occur. Because Chloridin is teratogenic in animals, it should be avoided during the first trimester. Bigumal is considered safe in pregnancy.

Mefloquine is used in prophylaxis and treatment of chloroquine-resistant and multidrug-resistant malaria. Mefloquine hydrochloride is a synthetic 4-quinoline methanol derivative chemically related to quinine. It is well absorbed. The drug is highly bound to plasma proteins and concentrated in red blood cells. Its elimination half-life varies from 13 days to 33 days. Mefloquine is used one time for malaria treatment and once a week for prophylaxis. Drug may leads to gastrointestinal disturbances, headache, and dizziness. In high doses visual disturbances can occur.

Primaquine is a synthetic 8-aminoquinoline derivative. It is active against the primary exoerythrocytic stages and late hepatic stages of Plasmodium. Primaquine is gametocidal against the four malaria species. The mechanism of action based on Primaquine’s ability to bind to and alter the properties of DNA. At high doses, it may suppress myeloid activity. After oral administration, the drug is usually well absorbed, and then is almost completely metabolized and excreted in the urine. Its plasma half-life is 3-8 hours. Primaquine is widely distributed to the tissues, but only a small amount is bound there. It infrequently causes nausea, epigastric pain, abdominal cramps, and headache. The more serious adverse effects, leukopenia and methemoglobinemia (manifested by cyanosis) are rare. Primaquine may cause hemolysis in persons with glucose-6-phosphate dehydrogenase (G6PD) deficiency. Quinocide is similar in structure and function to Primaquine.

Quinine, the principal alkaloid derived from the bark of the cinchona tree, has been used in malaria suppression and treatment for more than 300 years. Although superseded by other antimalarials, following the development of widespread resistance to chloroquine and other drugs, quinine has again become an important antimalarial. Quinine is a rapidly acting, highly effective blood schizonticide. The mechanism of action based on quinine's ability to bind to and alter the properties of DNA. Agent is rapidly absorbed and is widely distributed in body tissues. When taken orally, quinine commonly causes gastric irritation. The drug causes hypersensitivity reactions, myocardial depression and slight increasing of the uterus tonus. A less common effect is cinchonism that includes headache, slight visual disturbances, dizziness, and mild tinnitus. Hemolysis may occur in G6PD-deficient persons. 

Quinacrine a 9-aminoacridine, is a blood schizonticide that can effectively suppress all four types of human malaria. The mechanism of action based on acrichine's ability to bind to and alter the properties of DNA. Nowadays acrichine superseded by chloroquine. Its disadvantages include occasional drug deposits that turn the skin yellow and rare psychotic reactions. However, acrichine is indicated in the treatment of lambliasis (giardiasis), leishmaniasis, and cestodiasis.

TREATMENT OF AMEBIASIS

Amebiasis is infection by the protozoan parasite Entamoeba histolytica. Usually it is lead to amebic dysentery that associated by ulcerative inflammation of the colon. It also may be associated with amebic infection of other organs (liver, lungs). The choice of drug depends on the desired site of drug action, i.e., in the intestinal lumen or in the tissues. 

Classification of antiamebic agents

· Luminal amebicides. These agents are act primarily in the bowel lumen: Chiniofon, Chlorquinaldol.

· Agents that act against amebas in the bowel wall and lumen: tetracyclines.

· Agents that act against amebas in the bowel wall and in liver: Emetine.

· Agents that act against amebas in the liver: Chloroquine. 

· Agents that act in any ameba’s localization: Metronidazole. 

Metronidazole is the drug of choice in treatment of intestinal and extraintestinal amebiasis. The mechanism of action and the pharmacologic features of metronidazole have been discussed in lecture “Antimicrobials – derivatives of different groups”. However, it is only partially effective and not adequate as luminal amebicides. That’s why, for amebic dysentery treatment metronidazole is used concurrently with luminal amebicides.

Chiniofon is the derivative of 8-oxyquinolines. Agent is effective against organisms in the bowel lumen but not against trophozoites in the intestinal wall or extraintestinal tissues. Ninety percent of the drug is not absorbed. Thus, it produces a high amebicidal concentration in lumen. Chiniofon is a drug of low toxicity, but still it may cause diarrhea, optic neuritis, and peripheral neuropathy. Intetrix®, derivative of 8-oxyquinolines, is a patented drug. One tablet of Intetrix includes two active substances, which are similar to Chlorquinaldol. It is highly active against both gram-positive and gram-negative microbes in bowel. Also, Intetrix is antiamebic and antifungal drug.  

Emetine is the alkaloid of ipecacuanha root. It acts on organisms in the bowel wall and other tissues but not on amebas in the bowel lumen. Emetine blocks the synthesis of protein in ameba. The agent is administered parenterally, because oral preparation is absorbed erratically, and may induce vomiting. When given parenterally, it is stored primarily in the liver, lungs, and kidneys. The drug is cumulative; it is eliminated slowly via the kidneys more than month. Serious toxicity is common if they are given for more than 10 days. Therefore, use of this drug for more than 7-8 days is contraindicated. Hospitalization with careful supervision is essential. Pain in the area of the injection is frequent. Nausea and vomiting, which occur infrequently, are thought to be central in origin. The most serious symptoms are depression of cardiac conduction and contraction, which may cause a variety of atrial and ventricular arrhythmias, heart failure, and hypotension. Generalized muscular weakness (tenderness, stiffness, aching, or tremors), paresthesia are often reported. It should not be used during pregnancy.

The oral tetracyclines indirectly affect luminal amebas by inhibiting the bacterial associates of E. histolytica in the bowel lumen. Thus, the contents of oxygen in bowel enhance that is harmful for ameba existing.

ANTILEISHMANIC DRUGS

Infection with a species of Leishmania resulting in a clinically ill-defined group of diseases may be divided into two types: visceral leishmaniasis (kala azar) and cutaneous leishmaniasis. Transmission is by various sandfly species. Treatment of leishmaniasis is not satisfactory because of drug toxicity, the long courses required, treatment failures, and the frequent need for hospitalization. 

The drugs of choice for visceral leishmaniasis are pentavalent antimony compounds (Solusurminum, Sodium stibogluconate). Solusurminum is frequently used drug. It binds with thiolic group of leishmania enzymes that lead to their inactivation. Solusurminum is injected i.v. The duration of treatment is about 3-4 weeks. The adverse effects are nausea, headache, skin rashes, and leukopenia. Hypotonia; liver, renal, and heart damages may appear. In case of Solusurminum overdosing Unithiol can be prescribed. Sodium stibogluconate can be administered i.m. or i.v. Most common adverse effects are gastrointestinal symptoms and rash. For cutaneous leishmaniasis are useful: Quinacrine or Chloroquine (lecture “Antiprotozoal drugs”), Aminoquinoline, Monomycin (lecture “Antibiotics”), Amphotericin B (lecture “Antifungal agents”). Aminoquinoline is the quinoline derivative. It is effective in the treatment of cutaneous leishmaniasis as well as toxoplasmosis, lambliasis, and collagen diseases. Aminoquinoline is well-tolerated, sometimes gastrointestinal disturbances, headache and allergic reactions may appear.

ANTILAMBLIAL DRUGS

Lambliasis (giardiasis) is infection caused by protozoan parasite Giardia lamblia that may cause diarrhea, dyspepsia, and occasionally malabsorption in humans. For lambliasis treatment can be used metronidazole (see “Imidazole derivatives”), Furazolidone (“Nitrofuran derivatives”), and Aminoquinoline.

ANTITRICHOMONADAL DRUGS

Trichomoniasis caused by infection with a species of protozoan of the genus Trichomonas; often used to designate trichomoniasis vaginitis. For trichomoniasis treatment can be prescribed Metronidazole, Trichomonacide, and Furazolidone. Trichomonacide is a relative of Aminoquinoline. It can be taken locally or orally. It has irritate potency. Acetarsol (Osarsol), arsenic compound, is seldom used for topical treatment of trichomoniasis. 

ANTITOXOPLASMOSIS AGENTS

Toxoplasmosis caused by the protozoan parasite Toxoplasma gondii that can produce a variety of syndromes in humans, such as fever, encephalomyelitis, retinopathy, maculopapular rash, myalgia, myocarditis, and lymphadenopathy. For its treatment can be taken Chloridin (“Antimalarial agents”), sulfanilamides. During pregnancy sulfanilamides are prefer.

Available forms:

Chloroquine –powder; tablets 0,25 g each; in ampoules 5 % solution 5 ml 

Chloridin – powder; tablets 0,005 or 0,01 g each

Bigumal – powder; tablets or dragee 0,1 g (for adults) and 0,05 g (for children)

Primaquine – tablets 0,003 or 0,009 g each

Metronidazole – tablets 0,25 or 0,5 g each; vaginal suppository 0,5 g 

Chiniofon – powder; tablets 0,25 g each

Intetrix – patented capsules

Solusurminum – in ampoules 20 % solution 10 ml each

Aminoquinoline – powder; tablets 0,025 or 0,05 g each

Lecture 41. ANTHELMINTIC DRUGS

Anthelmintic drugs are used to eradicate or reduce the numbers of helminthic parasites in the intestinal tract or tissues of the body. According to their localization helminths can be divided into intraintestinal and extraintestinal groups. Also helminths are distinguished as nematodes (roundworms) and platyhelminthes (flatworms). The last one includes cestodes (tapeworms) and trematodes (flukes, sucklings). Most anthelmintics in use today are active against specific parasites (table 9.4). Therefore, parasites must be identified before treatment is started, usually by finding the parasite or eggs in the feces, urine, blood, sputum, or tissues of the host.
Mebendazole (Vermox) is a synthetic benzimidazole that has a wide spectrum of anthelmintic activity. It has been approved for use in Ascaridiasis, Trichocephaliasis, Ancylostomiasis, and Enterobiasis. In the treatment of trichinellosis and echinococcosis the drug should be taken with food containing fat, which enhances absorption. Mebendazole inhibits glucose uptake by parasites, decreasing formation of ATP. As a result, intestinal parasites are immobilized or die slowly. Less than 10 % of orally administered mebendazole is absorbed. The absorbed drug is rapidly metabolized in the liver. Within 24-48 hours, it is excreted mostly in the urine, either unchanged or as metabolites. A dosage of 100 mg twice daily for 3 days is used for adults. Treatment can be repeated in 2-3 weeks. Cure rates are 90-100 % for Ascaridiasis and Trichocephaliasis. Mebendazole has a low incidence of adverse effects. Rash, nausea, vomiting, diarrhea, and abdominal pain have been reported infrequently. The drug is contraindicated during pregnancy.

Table 9.4

The basic agents, which are used in the treatment of helminthiasis
	Localization
	Class
	Helminthiasis
	Mebendazole
	Albendazole
	Piperazine adipinate


	Pyrantel
	Levamisole
	Naphthammonum
	Praziquantel
	Niclosamide
	Aminoacrichinum
	Diethylcarbamazine
	Ivermectin
	Chloxyle
	Antimony sodium tartrate
	Bithionol

	Intraintestinal
	N
	Ascaridiasis
	+
	+
	+
	+
	+
	+
	
	
	
	
	
	
	
	

	
	
	Enterobiasis
	+
	+
	+
	+
	
	
	
	
	
	
	
	
	
	

	
	
	Ancylostomiasis
	+
	+
	
	+
	+
	+
	
	
	
	
	
	
	
	

	
	
	Trichocephaliasis
	+
	+
	
	
	
	
	
	
	
	
	
	
	
	

	
	C
	Taeniarhynchiasis
	
	
	
	
	
	
	+
	+
	+
	
	
	
	
	

	
	
	Taeniasis
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	Diphyllobothriasis
	
	
	
	
	
	
	+
	+
	+
	
	
	
	
	

	Extraintestinal
	N
	Trichinellosis
	+
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Filariasis
	
	
	
	
	
	
	
	
	
	+
	+
	
	
	

	
	C
	Echinococcosis
	+
	+
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Cysticercosis
	(
	+
	
	
	
	
	+
	
	
	
	
	
	
	

	
	T
	Schistosomiasis
	
	
	
	
	
	
	+
	
	
	
	
	
	+
	

	
	
	Fasciolopsis
	
	
	
	
	
	
	+
	
	
	
	
	+
	
	+

	
	
	Opisthorchiasis
	
	
	
	
	
	
	+
	
	
	
	
	+
	+
	


N – Nematodes; C – Cestodes; T – Trematodes.

Albendazole is similar in structure and activity with mebendazole. It is also the drug of choice in echinococcosis and cysticercosis. Agent rapidly undergoes first-past metabolism in the liver to active metabolite. In large part, it binds to protein and is distributed to the tissues, including bile and cerebrospinal fluid, and enters hydatid cysts. When used for 1-3 days, albendazole infrequently may cause nausea, diarrhea, headache, dizziness, and insomnia. In 3-month treatment courses for echinococcosis rash or pruritus, leukopenia were observed. Because the drug is teratogenic and embryotoxic in some animal species, it should not be used in pregnancy. 

The Piperazine adipinate is alternative drug in the treatment of Ascaridiasis. Cure rates are over 90 % when patients are treated for 2 days. Also it can be used for Enterobiasis treatment. Piperazine causes paralysis of nematodes by blocking acetylcholine at the myoneural junction. Thus, the paralyzed roundworms are unable to maintain their position in the host and are expelled live by normal peristalsis. No pre- or posttreatment cathartics are used. Mild adverse effects occur occasionally, including nausea, diarrhea, abdominal pain, and headache. Patients with epilepsy may have an exacerbation of seizures. 

Pyrantel is a broad-spectrum anthelmintic highly effective for the treatment of Enterobiasis, Ascaridiasis, and Ancylostomiasis. Cure rates are greater than 
95 %. The drug causes stimulation of ganglionic receptors and worm paralysis, which is followed by expulsion from the host's intestinal tract. Because it is poorly absorbed from the gastrointestinal tract, it is active mainly against luminal organisms. Adverse effects are infrequent and mild. They include vomiting, diarrhea, abdominal cramps, dizziness, headache, insomnia, and rash.

Levamisole is highly active for the Ascaridiasis treatment. It causes contracture of Ascaris that follows by it paralysis. In addition, levamisole inhibit a succinate dehydrogenase (essential enzyme) of helminth. Agent is rapidly absorbed from gastrointestinal tract. The levamisole half-life is about 3 to 4 hours. It is eliminated mostly via kidney (70 % over 3 days). Levamisole is a single dose drug for Ascaridiasis treatment. Also Levamisole has immunomodulating properties. Side effects of levamisole are usually mild and transitory. It may lead to gastrointestinal disturbances and leukopenia. 

Naphthammonum (Bephenium hydroxynaphthoate) primarily has been approved for use for Ancylostomiasis treatment. It is less useful in the treatment of Ascaridiasis, Trichocephaliasis, and Enterobiasis infection. Naphthammonum causes contracture of nematodes that follows by their paralysis. The agent is badly absorbed in the gastrointestinal tract. There are special tablets of Naphthammonum, which are dissolved in lower part of small intestine – in the basic place of Ancylostoma localization. Nausea, vomiting, and diarrhea can appear in the period of Naphthammonum using.

Praziquantel is effective in the treatment of schistosome infections of all species and most other trematode and cestode infections, including cysticercosis. The drug's safety and effectiveness as a single oral dose have also made it useful in mass treatment of several of the infections. Praziquantel is a synthetic isoquinoline derivative. Praziquantel increases cell membrane permeability to calcium, resulting in marked contraction, followed by paralysis of worm musculature. It is rapidly and well absorbed after oral administration. Cerebrospinal fluid and bile concentrations of praziquantel reach 14-20 % of the drug's plasma concentration. Most of the drug is rapidly metabolized to inactive products; the half-life of the drug is 0.8-1.5 hours. Excretion is mainly via the kidneys (60-80 %). The adverse effects are headache, nausea, vomiting, abdominal pain, loose stools, and myalgia. The only specific contraindication is ocular cysticercosis; parasite destruction in the eye may cause irreparable damage. Because the drug induces dizziness and drowsiness, patients should not drive and should be warned if their work requires physical coordination or alertness. 

Niclosamide (Phenasalum) is a drug of choice for the treatment of most tapeworm infections. It appears to be minimally absorbed from the gastrointestinal tract. Scoleces and segments of cestodes are rapidly killed on contact with Phenasalum due to the drug's inhibition of oxidative phosphorylation. With the death of the parasite, digestion of scoleces and segments begins. A single 2 g dose of Phenasalum results in cure rates of over 85 % for Diphyllobothrium latum and about 95 % for Taenia saginata. Phenasalum should be given in the morning on an empty stomach. The tablets must be chewed thoroughly and are then swallowed with water. Posttreatment purges to expel the worm are not necessary. Two hours after Taenia solium treatment an effective purge (such as 15-30 g of magnesium sulfate) should be given to eliminate all mature segments before ova can be released, that will prevent cysticercosis. Adverse effects are infrequent, mild, and transitory. Nausea, vomiting, diarrhea, and skin rash may occur. 

Aminoacrichinum is relative of Acrchinum (see “Antimalarial drugs”). It has been used for the treatment of Diphyllobothriasis, Hymenolepiasis, and Taeniasis, however it less effective agent than Phenasalum and Praziquantel. In addition, Aminoacrichinum is used for the treatment of Trichomoniasis vaginitis. It has high irritate potency, thus after ingestion Aminoacrichinum can cause stomachache, nausea, and vomiting.

Diethylcarbamazine citrate (Ditrazine citrate) is a drug of choice in the treatment Filariasis (Wuchereriasis, Loiasis). It alters microfilariae surface structure, making them more susceptible to destruction by host defense mechanisms. Adult parasites are killed more slowly. Ditrazine is rapidly absorbed from the gastrointestinal tract. Adverse reactions may caused by to the agent itself and also occur as a result of the release of foreign proteins from dying worms in sensitized patients. For instance, headache, weakness, anorexia, nausea, vomiting, dizziness, and sleepiness have observed. Antihistamines may be given for the first 4-5 days of Ditrazine therapy to reduce the incidence of allergic reactions.

Ivermectin also indicated for Filariasis (Onchocercosis) treatment. In comparison studies, ivermectin is more effective than Ditrazine. Ivermectin appears to paralyze nematodes by intensifying GABA-mediated transmission of helminths. Ivermectin is given only orally. The drug is rapidly absorbed; it has a wide tissue distribution. It apparently enters the eye slowly and to a limited extent. The adverse effect of ivermectin includes the reaction which caused by killing of microfilariae: fever, headache, dizziness, weakness, rash, diarrhea, joint and muscle pains, hypotension, lymphadenitis, and peripheral edema.

Chloxyle is the drug of choice for the treatment of Fasciolopsis and Opisthorchiasis. The agent is slowly absorbed from gastrointestinal tract; mainly it excreted with feces. Two days before and during treatment fat-food and alcohol are prohibited for patients. It has been taken 2 g of Chloxyle powder every 10 minutes (total dose – 10 g). Adverse effects are drowsiness, pain in liver region, arrhythmia, and hypersensitivity reactions. 

Bithionol is the drug of choice for the treatment of Fasciolopsis. The agent is well absorbed in gastrointestinal tract. Excretion appears to be mainly via the kidney. Adverse effects are generally mild. Diarrhea and abdominal cramps are most common. Anorexia, nausea, vomiting, dizziness, and headache may also occur.

Antimony sodium tartrate was for many years the principal drugs for the treatment of Schistosomiasis, but because of it toxicity and difficulty of administration, using of antimony sodium tartrate is limited. Adverse effects are strong vomiting, skin rashes, arthralgia, and anaphylactic reactions. In case of overdosing, Unithiol is indicated. Niridazole is the drug of choice for the treatment of Schistosomiasis. It is readily absorbed orally. The most frequent adverse effects are neurotoxicity (dizziness, headache, drowsiness), gastrointestinal disorders, and allergic reactions. 

Available forms:

Mebendazole – tablets 0,1 each

Pyrantel – tablets 0,25 each; in bottles 5 % suspension 15 ml

Praziquantel – tablets 0,6 each

Diethylcarbamazine citrate (Ditrazine citrate) – tablets 0,05 or 0,1 each

Chloxyle – powder

Lecture 42. ANTIFUNGAL AGENTS

Antifungal agents can be dividing into three main groups. They are the next. 

· Agents for the treatment of system mycosis (Histoplasmosis, Blastomycosis, Coccidia mycosis) – Amphotericin B, Amphoglucaminum (Amphotericin B + Methylglucamine), Mycoheptinum, azole derivatives.

· Agents for the treatment of dermatomycosis (Epidermophytosis, Microsporiasis, and Trichophytosis):

q. antibiotic – Griseofulvin; 

r. azole derivatives - Miconazole, Itraconazole and Fluconazole;

s. derivatives of undecylenic acid (Zincundanum®, Undecinum®);

t. different chemical groups representatives – Terbinafine, Octicylum (Octilcyclopronancarbonic acid), Nitrofungin, and iodine including agents.

· Agents for the treatment of candidamycosis:

u. antibiotics – Nystatin, Levorin;

v. other agents – Clotrimazole, Decamine.

Amphotericin B is a polyene antifungal antibiotic produced by Streptomyces nodosus. It remains the drug of choice for nearly all life-threatening mycotic infections. Amphotericin B is selective in its fungicidal effect. The agent binds to ergosterol, a cell membrane sterol, and alters the permeability of the cell by forming pores in cell membrane. The pore allows the leakage of intracellular ions and macromolecules, eventually leading to cell death. Amphotericin B is poorly absorbed from the gastrointestinal tract; thus it is used intravenously. The serum half-life is approximately 15 days. The drug is widely distributed in tissues, but only 2-3 % of the blood level is reached in cerebrospinal fluid, thus occasionally necessitating intrathecal therapy for certain types of fungal meningitis. Anemia, hypokalemia, renal function impairment are the most significant toxic reactions. Fever, muscle spasms, vomiting, and hypotension can appear during infusion of the drug. Amphotericin B should be given only to hospitalized patients, so as to provide constant supervision by a physician. 

Amphoglucaminum is a synthetic derivative of amphotericin B. It is well absorbed from gastrointestinal tract and less toxic than parental agent. Mycoheptinum is similar in structure and function to amphotericin B. 

Azoles are synthetic compounds that can be classified as either imidazoles or triazoles. The imidazoles consist of Ketoconazole, Miconazole, and Clotrimazole. The triazoles include Itraconazole and Fluconazole. The antifungal activity of azole drugs results from the reduction of ergosterol synthesis. The effect is fungistatic or may be fungicidal, depending on agent concentration. The most common adverse reaction is relatively minor gastrointestinal upset. All azole drugs inhibit the mammalian cytochrome P450 system of enzymes to some extent. For instance, the metabolism of cumarin anticoagulants, oral antidiabetic drugs and Diphenin in liver will slow down; thus the therapeutic effects of those agents will enhance and prolong. 
Miconazole can be used in enteral way or i.v. in the treatment of systemic (endemic) mycoses. Also it is useful for local treatment of dermatomycosis (dermatophytosis, tinea) and candidamycosis. The adverse effects are burning and redness of skin, rash, or other sign of skin irritation, thrombophlebitis in site of injections. The systemic using of miconazole is prohibited during pregnancy and hepatitis. Ketoconazole is prescribed for oral and topical usage. The agent is variable absorbed from intestine; the serum half-life is 7-8 hours. Ketoconazole has the same indication as Miconazole, however ketoconazole is more toxic. Ketoconazole inhibition of human cytochrome P450 enzymes interferes with biosynthesis of adrenal and gonadal steroid hormones, producing endocrine effects such as gynecomastia, infertility, and menstrual irregularities. 

Itraconazole is available in an oral formulation. Like Ketoconazole, its absorption is increased by low gastric pH and it poorly penetrates into the cerebrospinal fluid. Itraconazole is the most potent of the available azoles. It is the azole of choice in the treatment of dermatomycosis, systemic mycoses. It interacts with hepatic microsomal enzymes to a lesser degree than Ketoconazole. Fluconazole is distinguished from the other azole medications by good cerebrospinal fluid penetration and excellent bioavailability by the oral route. That’s why, it is the azole of choice in the treatment of mycotic meningitis. It is also effective for mucocutaneous candidamycosis. Fluconazole has the least effect on hepatic microsomal enzymes. As a result, this drug has a wide therapeutic window, which permits more aggressive dosing than with any other azole.

Griseofulvin is a fungistatic drug derived from a species of Penicillium. Its only use is in the systemic treatment of dermatomycosis. Griseofulvin inhibits the synthesis of mycotic nucleic acids. Absorption is variable and improved being given with fatty foods. Griseofulvin is deposited in newly forming skin where it binds to keratin, protecting the skin from new infection. It must be administered for 2-6 weeks for skin and hair infections to allow the replacement of infected keratin by the resistant structures. The serum half-life is approximately 24 hours. Adverse effects are diarrhea, nausea, headache, dizziness, insomnia, allergic reactions, and hepatitis. Griseofulvin is not recommended during pregnancy since it has been shown to be embryotoxic and teratogenic in rats. 

Terbinafine, a fungicidal agent, is used in the treatment of dermatomycosis, especially onychomycosis. It is available in an oral formulation. Like griseofulvin, Terbinafine is a keratophilic medication. It inhibits the ergosterol biosynthesis. One tablet given daily for 12 weeks achieves an up to 90 % cures rate for onychomycosis and is more effective than Griseofulvin or Itraconazole. Adverse effects are rare, consisting primarily of gastrointestinal upset and headache. 

Undecylenic acid and undecylenate salts (e.g., ointments Zincundanum®, Undecinum® (Undecylenic acid + Cuprum undecylenate)) are topical anti-dermatomycosis agents. The drugs usually are used in combination. Preparations containing the drugs are applied topically twice daily after cleansing the affected area. In addition, iodine including agents, Nitrofungin, and Octicylum are indicated for the topical treatment of dermatomycosis.

Nystatin is active against most Candida species and is most commonly used for suppression of local candidal infections. Some common indications include oropharyngeal thrush, gastrointestinal and vaginal candidiasis, and skin candidal infections. Candida, a species ordinarily a part of humans normal gastrointestinal flora, but which becomes pathogenic when there is a disturbance in the balance of flora or in debilitation of the host from other causes. Nystatin is a polyene antibiotic much likes Amphotericin B and has the same pore-forming mechanism of action. It is currently available in tablets, ointments, and suppositories for application to skin and mucous membranes. Nystatin is not absorbed from gastrointestinal tract. As a result, it produces a high antifungal concentration at intestine. Nystatin has a little significant toxicity. Sometimes, it can cause gastrointestinal disturbances (diarrhea, nausea or vomiting, stomach pain). Levorin is similar in mechanism of action and indications to Nystatin. It has higher anti-candidamycosis activity, than Nystatin. However, Levorin is more toxic. 

For candidamycosis treatment as well are used Clotrimazole, Decamine. Clotrimazole, an imidazole derivative, is active against Candida species and dermatophytes. In connection with it high toxicity, clotrimazole is now used only in topical therapy. Decamine (Dequalinium), a quaternary ammonium compound, possess antibacterial and antifungal (Candida, dermatophytes) activity. It can be prescribed in ointment or caramel. The last one has to be taken under the tongue or beyond of cheek. Decamine is well-tolerated agent.

Available forms:

Amphotericin B – in bottles 50000 unites powder each

Amphoglucaminum – tablets 0,1 (10000 unites) each

Isoconazole – 1 % cream 20,0

Fluconazole – capsules 0,05; 0,1; 0,15 or 0,2 each; in bottles 0,2 % solution 

Griseofulvin – tablets 0,125 each; 2,5 % liniment 30,0 

Terbinafine – tablets 0,125 or 0,25 each; 1 % ointment

Nystatin – tablets 250000 or 500000 unites each; vaginal suppository 250000 or 500000 unites each; ointment 15 g (1 g contain 100000 unites) 
Lecture 43. ANTIVIRAL AGENTS

Viruses are obligate intracellular parasites; their replication depends primarily on synthetic processes of the host cell. Consequently, antiviral agents must be active inside the host cell. Nonselective inhibitors of virus replication may interfere with host cell function and produce toxicity. 

According to the chemical structure, antiviral agents are classified as:
· synthetic agents - analogs of nucleosides (Acyclovir, Idoxuridine, Ribavirin, Zidovudine), amantadine derivatives (Rimantadine), and different chemical groups representatives (Oxolin (Tetraoxo-tetrahydronaphthaline dihydrate), Florenalum (Fluorenonylgluoxal bisulfite));

· biological preparations – Interferons.

Acyclovir is an acyclic guanosine derivative with clinical activity against herpes simplex viruses and against varicella-zoster virus. Agent requires three phosphorylation steps for activation and is converted to the mono-, di- and triphosphate compounds. Because it requires the viral kinase for the first phosphorylation, acyclovir is selectively activated and the triphosphate accumulates only in infected cells. Acyclovir triphosphate inhibits the viral DNA polymerase and incorporates into the viral DNA. Oral and topical acyclovir is effective for treatment of primary infection and recurrences of genital and labial herpes. Intravenous acyclovir is the treatment of choice for herpes simplex encephalitis. The bioavailability of the oral formulation is 20 %. Acyclovir is cleared primarily by kidneys. The half-life is 3-4 hours. Agent well diffuses into most tissues and body fluids, including cerebrospinal fluid. Acyclovir is generally well tolerated. Nausea, diarrhea, and headache have occasionally been reported. Intravenous infusion may be associated with renal insufficiency or neurologic toxicity (the latter may include tremors or delirium).

Ganciclovir is similar in structure, mechanism of action, and activity to acyclovir. However, its activity against cytomegalovirus is up to 100 times greater than that of acyclovir. Ganciclovir is available in i.v. formulations. The oral bioavailability of ganciclovir is poor (6-9 %). Ganciclovir is indicated for the treatment of cytomegalovirus retinitis and colitis in-patients with AIDS. The most common side effect of treatment with ganciclovir is myelosuppression, particularly neutropenia. Central nervous system toxicity (headache, changes in mental status, seizures) has been reported also. Due to the high toxicity and mutagenic and teratogenic potential of ganciclovir, use during pregnancy should be avoided.

Idoxuridine is a thymidine analog. It has the similar mechanism action with acyclovir. Idoxuridine is used topically in the treatment of herpes keratitis, because it is too toxic for systemic administration (leukopenia).

Zidovudine (Azidothymidine) is a Deoxythymidine analog. After entering the cell by passive diffusion, zidovudine is phosphorylated via three cellular kinases; the triphosphate is an inhibitor of the reverse transcriptase. Zidovudine has activity against human immunodeficiency virus. Resistance typically occurs after prolonged therapy. Zidovudine is available in i.v. and oral formulations. It is well absorbed from the gut and distributed to most body tissues and fluids, including the cerebrospinal fluid. Substantial first-pass metabolism to an inactive glucuronidated metabolite results in a systemic bioavailability of approximately 65 %. The serum half-life is only 1 hour. Clinical efficacy is limited by the relatively rapid development of resistance, particularly when used as monotherapy. The combination of zidovudine with one or two other agents, such as a protease inhibitor, is one strategy to enhance antiviral activity and retard the development of resistance. The most common adverse effect is myelosuppression, resulting in anemia or neutropenia. 

Indinavir is a specific inhibitor of the human immunodeficiency virus protease, an enzyme essential for the production of mature, infectious virions. It is approved for the treatment of individuals with human immunodeficiency virus infection. Oral bioavailability is excellent. The most common adverse effects reported thus far are indirect hyperbilirubinemia and nephrolithiasis. Indinavir is inhibitor of as well as substrate for cytochrome P450. Thus, numerous complex drug interactions can occur. 

Rimantadine, an amantadine derivative, inhibit uncoating of the viral RNA of influenza A within infected host cells, thus preventing its replication. It is effective in the prevention of influenza A virus infection. The most common side effects are gastrointestinal intolerance and central nervous system effects (e.g., nervousness, drowsiness).

Ribavirin is a guanosine analog that is phosphorylated intracellularly by host cell enzymes. Its mechanism of action appears with synthesis of guanosine triphosphate and inhibition of RNA polymerase of certain viruses, including influenza A and B, parainfluenza, and respiratory syncytial virus. Ribavirin is administered in aerosolized form to patients with respiratory syncytial virus bronchiolitis or pneumonia, reducing the severity and duration of illness. I.v. Ribavirin decreases mortality in Lassa fever and other viral hemorrhagic fevers. Aerosolized ribavirin is generally well tolerated but may cause conjunctival or bronchial irritation. Systemic administration of Ribavirin is associated with dose-dependent anemia and bone marrow suppression. The drug is contraindicated in pregnancy due to possible teratogenicity.

Oxolin and Florenalum are the topical agents that adopted for the treatment of skin and mucous membrane viral infections (mostly herpes). These agents have direct virucidal activity. They are too toxic for systemic administration. Oxolin and Florenalum can cause irritation in place of their application. 
Interferons are a group of endogenous proteins that exert virus-nonspecific antiviral activities. Three major classes of Interferons are now recognized: - (leukocyte), - (fibroblast), and -(immune, T-lymphocyte). Each type can function as a potent cytokine with complex antiviral and immunomodulatory activity. They are not directly antiviral but appear to function by causing elaboration of effector proteins in infected cells, resulting in such effects as inhibition of viral penetration or uncoating, mRNA synthesis and translation, or virion assembly and release. Agents of natural -interferon as well as recombinant -interferon (Reaferon), which produced by genetic engineering, are mostly used in clinics. Natural -interferon have been used an intranasal route for prophylaxis and treatment of the common cold viruses infections (Interferon) and an intraconjunctival way for the treatment of herpes keratitis (Interlock). 

Recombinant -interferon is approved for the treatment of hepatitis B and C, leukemia, bladder and renal carcinoma, and malignant melanoma. Recombinant -interferon (Betaferon) is used for the treatment of multiple sclerosis. Adverse effects of inetrferons include neutropenia, anemia, skin rashes, fever, myalgia, and fatigue. Poludan, Amixin stimulates the synthesis of endogenous interferon and thus possess antiviral activity. Poludan is a topical agent for the treatment of virial eyes diseases. Amixin is active in case of virus’s hepatitis B and C.

Available forms:

Interferon – in ampoules (2 ml) powder

Acyclovir – in ampoules 0,25 (to dilute in 10 ml physiological solution, for i.v. injection); tablets 0,2 each; 3 % ointment 4,5 or 5,0
Examination questions
1. Choose the best answer. Selective toxicity is

(A)
What the drug does to the patient

(B)
What the patient does to the drug

(C)
What the pathogen does to the patient

(D)
What the drug does to the pathogen

(E)
What the pathogen does to the drug

2. A 60-year-old patient with AIDS presents to the emergency department with a temperature of 102°F, confused, and is going in and out of consciousness. He exhibits rapid respiration and a blood pressure of 80/40. You determine that both the sputum and urine are negative by Gram staining. Which of the following is the best choice?

(A)
Administer penicillin G intravenously.

(B)
Administer vancomycin.

(C)
Administer clindamycin and amikacin.

(D)
Send a clinical sample to laboratory to find out what the organism is before treating.

3. The term magic bullet was coined for

(A)
Ehrlich discovering the drug salvarsan for the treatment of syphilis

(B)
Fleming discovering the antibacterial effect of penicillium notatum

(C)
Florey showing the effectiveness of penicillin in patients

(D)
Wilson discovering the broad spectrum antibiotic streptomycin

4. Choose the best answer for the following. The emergence of microbial antibiotic drug resistance

(A)
Requires the concurrent administration of more than one antibiotic

(B)
Is a direct result of the use of antibiotics in livestock

(C)
Is a problem that was overcome by the devel opment of vancomycin

(D)
Is due in large part to the indiscriminate use of antibiotics in humans

5. A patient refuses to continue to take erythromycin because it makes him vomit. This is an example of which patient-drug-pathogen interaction?

(A)
Pharmacokinetics

(B)
Pharmacodynamics

(C)
Immunity

(D)
Resistance

(E)
Selective toxicity

6. A 24-year-old AIDS patient is interested in starting chemoprophylaxis for Pneumocystis pneumonia (PCP) and cerebral toxoplasmosis. He has no drug allergies. Which of the following prophylactic agents is appropriate for the prevention of both PCP and cerebral toxoplasmosis?

(A)
Nitrofurantoin

(B)
Trimethoprim-sulfamethoxazole

(C)
Norfloxacin

(D)
Methenamine

(E)
Nalidixic acid

7. Urinalysis of a 38-year-old woman with recurrent UTIs revealed pH 6.8,30 to 50 WBC per high- power field, and gram-negative bacilli identified as Proteus mirabilis. Which of the following produces a bacteriostatic urinary environment for P. mirabilis?
(A)
Urease enzyme

(B)
Hippuric acid

(C)
Catalase enzyme

(D)
Folic acid

(E)
Coagulase enzyme

8. A 3-day-old baby is given a presumptive diagnosis of kernicterus. Which of the following mechanisms is involved in sulfonamide-induced kernicterus?

(A)
Competes for the bilirubin-binding sites on plasma proteins

(B)
Defective bilirubin hepatic conjugation and metabolism

(C)
Physiological jaundice due to destruction of fetal red blood mass

(D)
Pregnancy-induced hepatic congestion and cholestasis

(E)
Primary biliary cirrhosis of the liver

9. A 6-year-old relatively healthy boy is diagnosed with external otitis and was prescribed a 7-day course of TMP-SMX. Which of the following is the basic mechanism of action of the sulfonamides?

(A)
Selective inhibition of incorporation of PABA into human cell folic acid synthesis.

(B)
Competitive inhibition of incorporation of PABA into microbial folic acid.

(C)
Inhibition of transpeptidation reaction in bacterial cell wall synthesis.

(D)
Changes in DNA gyrases and active efflux transport system resulting in decreased permeability of drug.

(E)
Structural changes in dihydropteroate synthase and overproduction of PABA.

10. Evaluation of a yearly chest radiograph of a 73- year-old patient taking nitrofurantoin prophylacti- cally for recurrent UTIs revealed new findings of bilateral interstitial fibrosis. What is the possible explanation for the patient's pulmonary presentation and what is the next step?

(A)
Acute urosepsis; add a broad-spectrum antibiotic to nitrofurantoin.

(B)
Possible allergic reaction to nitrofurantoin; stop it immediately.

(C)
Nitrofurantoin-resistant E. coli infection; stop it immediately.

(D)
Acute community-acquired streptococcal pneumonia; treat accordingly.

(E)
Nitrofurantoin-induced hemolysis; requires permanent urinary catheter.

11. A 16-year-old girl, a cystic fibrosis patient, is diagnosed with a ciprofloxacin-resistant Pseudomonas aeruginosa lower respiratory tract infection. Bacteria acquire quinolone resistance by which of the following mechanisms?

(A)
Overproduction of PABA

(B)
Changes in the synthesis of DNA gyrases

(C)
Plasmid-mediated changes in efflux transport system

(D)
Inhibition of synthesis of peptidoglycan sub- units in bacterial cell walls

(E)
Inhibition of folic acid synthesis by blocking different steps

12. A 32-year-old man with quadriplegia and neuro- genic bladder was admitted to the hospital from a long-term care facility. The patient had vomiting, fever, and cloudy urine. A year ago, the patient developed urticaria, wheezing, and hypotension within an hour after his first dose of nafcillin. Subsequently his penicillin skin test was positive. During the current admission, the physician examiner noted fever, quadriplegia, and chronic indwelling bladder catheter. Laboratory tests revealed leukocytosis in blood and urine. Urine stain showed gram-negative rods, and urine culture grew P. aeruginosa. Which of the following drugs would be most appropriate for this patient?

(A)
Ampicillin-sulbactam

(B)
Aztreonam

(C)
Cefazolin

(D)
Imipenem-cilastatin

(E)
Piperacillin-tazobactam

13. A 22-year-old woman had her first prenatal visit. Her physical examination was normal for a woman at 12 weeks' gestation. Both the nontreponemal (Venereal Disease Research Laboratory) and fluorescent treponemal antibody tests were positive. She denied previous treatment for syphilis. She could not recall signs or symptoms of primary or secondary syphilis in the past year. She had no previous syphilis serology tests for purposes of comparison. Which of the following would be the best treatment for the patient?

(A)
Benzathine penicillin G

(B)
Doxycycline

(C)
Spectinomycin

(D)
Streptomycin

(E)
Tetracycline

14. A 26-year-old woman, a kindergarten teacher, had pharyngitis last year treated with ampicillin for 3 days. She stopped the ampicillin when she learned her throat culture was negative. Three days after she stopped the ampicillin, she developed a rash. Her physician noted symmetrical erythematous confluent macular-papular eruptions on her extremities with no urticaria. The physician diagnosed non-IgE-mediated ampicillin eruption. Now the patient returns with new fever and sore throat. She has no cough or rash. Her physical examination is normal except for fever, tender anterior cervical lymphadenopathy, and tonsillar exudate. Her rapid streptococcal test of a pharyngeal specimen is positive. Which of the following would be the most appropriate treatment for this patient?

(A)
Amikacin

(B)
Lomefloxacin

(C)
Metronidazole

(D)
Netilmicin

(E)
Penicillin V

15. A 24-year-old man came to the public health clinic because of a urethral discharge. He had had unprotected intercourse with multiple partners. Physical examination revealed a purulent urethral discharge with no penile ulcers or vesicles. There was no inguinal adenopathy. Gram stain of the discharge revealed gram-negative diplococci inside leukocytes. The antibiotic used to treat the patient's infection has which of the following mechanisms of action?

(A)
Inhibits cell membrane integrity by binding to ergosterols to create pores

(B)
Inhibits dihydrofolate reductase, thereby blocking formation of tetrahydrofolate required for purine synthesis

(C)
Inhibits KasA, a β-ketoacyl carrier protein syn- thetase, thereby blocking mycolic acid synthesis

(D)
Inhibits RNA synthesis by binding to the β- subunit of DNA-dependent RNA polymerase

(E)
Inhibits transpeptidase, thereby blocking cross- linking of peptides in cell wall murein (peptidoglycan)

16. Parents brought their 3-year-old boy to the outpatient clinic because of a facial rash. Today the patient was one of several children sent home from day care because of similar rashes. Physical examination revealed a normal, healthy boy with discrete erythematous papular eruptions on his cheeks. There were no vesicles or bullae. The rash was covered with a honey crust, suggesting impetigo. Which of the following treatments would be most appropriate?

(A)
Dapsone

(B)
Dicloxacillin

(C)
Doxycycline

(D)
Ketoconazole

(E)
Penciclovir

17. Many antibiotics appear to have as their mechanism of action the capacity to inhibit bacterial cell wall synthesis. This does NOT appear to be a mechanism of

(A)
Aminoglycosides

(B)
Penicillins

(C)
Bacitracin

(D)
Cephalosporins

18. Many antibiotics are not useful in treating infections in the central nervous system because they do not readily penetrate the blood-brain barrier. Which one of the following agents does get into the brain in reasonable concentrations?

(A)
Penicillin G

(B)
Ampicillin

(C)
Cefotaxime

(D)
Kanamycin

(E)
Neomycin

19. Aminoglycoside antibiotics are frequently used in combination with the β-lactam antibiotics. Which of the following choices best explains the rationale for this use?

(A)
The combination provides for a much greater spectrum of activity.

(B)
A synergistic effect is often seen when the combination is employed.

(C)
The β-lactam antibiotics prevent toxic effects of the aminoglycoside antibiotics.

(D)
The combination decreases incidence of super- infections.

20. Patients with myasthenia gravis may exhibit greater toxicity to aminoglycosides than do patients without this condition. The most likely explanation is

(A)
Aminoglycosides have muscarinic blocking properties.

(B)
Aminoglycosides cause an increased metabolism of acetylcholine.

(C)
Aminoglycosides cause a neuromuscular block by displacing Ca++ from the neuromuscular junction.

(D)
Aminoglycosides inhibit second messenger activity at the neuromuscular junction.

21. As a class, the aminoglycoside antibiotics do not exhibit significant metabolism in the patient. The most likely reason is that

(A)
Their chemical structure is unique and not prone to chemical reactions commonly seen in drug metabolism.

(B)
The liver does not contain appropriate enzymes to break down the compounds.

(C)
The body apparently lacks a necessary cofactor for the metabolism of aminoglycosides.

(D)
Aminoglycosides do not readily get to the site of degradative enzymes.

22. A pediatric nurse is found to be colonized with MRSA in her nares during an outbreak investigation in the pediatric intensive care unit. The best strategies to eradicate her nasal carriage could be

(A)
Parenteral therapy with IV vancomycin

(B)
Oral vancomycin

(C)
Bacitracin ointment application to her nasal passages

(D)
Polymyxins

(E)
A month-long furlough from patient care

23. In the treatment of uncomplicated urinary tract infection caused by gram-negative bacteria, the therapy of choice would be

(A)
Teicoplanin

(B)
Bacitracin

(C)
IV vancomycin

(D)
IV polymyxin B

(E)
Trimethoprim-sulfamethoxazole

24. Effective interventions for treating a minor surgical suture site infection should definitely include one of the following choices:

(A)
Polymyxins

(B)
Bacitracin

(C)
Triple antibiotics ( bacitracin, Polymyxin B, and neomycin) ointment

(D)
IV vancomycin

(E)
Observation

25. A urine culture in an asymptomatic female patient with an indwelling Foley catheter comes back with more than 50,000 colonies of enterococci. The uri- nalysis is unremarkable. The best course of action would be to

(A)
Start IV vancomycin to cover enterococci

(B)
Seek the newly approved drug linezolid for possibility of vancomycin-resistant enterococci (VRE)

(C)
Initiate a quinolone like levofloxacin with broad-spectrum coverage for UTIs

(D)
Discontinue use of the Foley catheter if possible and obtain follow-up cultures if she develops symptoms

(E)
Watchful waiting

26. Which glycopeptide or polypeptide antibiotic is still investigational and not used in the United States for parenteral therapy?

(A)
Polymyxins

(B)
Vancomycin

(C)
Teicoplanin

(D)
Bacitracin

(E)
Linezolid

27. Which of the following best treats the initial stage of Lyme disease in adults?
(A)
Penicillin V

(B)
Erythromycin

(C)
Clarithromycin

(D)
Doxycycline

(E)
Clindamycin

28. Chloramphenicol is the drug of choice for which of the following?

(A)
S. pneumoniae meningitis

(B)
B. fragilis in abdominal abscess infection

(C)
H. influenzae epiglottitis

(D)
Typhoid fever in the United States

(E)
Typhoid fever in some developing countries

29. A 39-year-old man has AIDS and a CD4 count less than 50. Recently he has had chills and fever. Several blood cultures drawn especially for acid-fast bacilli are positive. Which antibiotic should be included in a treatment regimen for this disease?

(A)
Tetracycline

(B)
Amoxicillin

(C)
Cephalexin

(D)
Clarithromycin

(E)
Doxycycline

30. A 37-year-old postal worker has a job at a mail sort facility. An envelope that passed through the facility and was delivered to a governmental office was noted upon opening to have anthrax spores. One of the postal worker's fellow employees subsequently developed inhalation anthrax. Because of this, medical authorities recommended that other employees working at the same facility be tested and receive prophylactic antimicrobial therapy. The drug of choice is a quinolone. However, this employee has a history of allergy to ciprofloxacin. Which of the following antibiotics is also recognized as being effective prophylactic therapy for potential anthrax exposure?

(A)
Amoxicillin

(B)
Erythromycin

(C)
Clarithromycin

(D)
Doxycycline

(E)
Clindamycin

31. An 18-year-old man sustains a minor laceration of his right forearm. Approximately 2 days later the laceration site becomes red and swollen. He also begins to develop fever and chills. The patient eventually goes to the local hospital's emergency department. By this point his forearm is swollen and the skin is light brown. Cultures of his wound and two blood cultures 15 minutes apart are obtained. Intravenous cephalosporin is begun. However, over 3 days the discoloration of his forearm begins to ascend to the upper arm and shoulder. Blood cultures are positive in approximately 12 hours for gram-positive cocci in chains. Wound cultures of the laceration also grow similar organisms, and high-dose penicillin G is prescribed. What other antibiotic would be extremely useful in treating this condition?

(A)
Gentamicin

(B)
Clindamycin

(C)
Ciprofloxacin

(D)
Clarithromycin

(E)
Chloramphenicol
32. A 35-year-old man under treatment for pulmonary tuberculosis has acute-onset right big toe pain, swelling, and low- grade fever. His physical examination was consistent with gouty arthritis, and he was found to have high serum uric acid levels. Which of the following antituberculosis drugs is known to cause high uric acid levels?

(A)
Cycloserine

(B)
Thiacetazone

(C)
Pyrazinamide

(D)
Rifampin

(E)
Aminosalicylic acid

33. A 26-year-old truck driver, a recent immigrant from Mexico, could not obtain a Florida driving license because of his poor performance in red-green color vision discrimination. He denies any family history of color vision-related problems in the past. He is taking a four-drug regimen for pulmonary tuberculosis. He does not recall the names of the drugs. Which of the following antituberculosis drugs is responsible for his lack of color vision discrimination?

(A)
Ethambutol

(B)
Ethionamide

(C)
Aminosalicylic acid

(D)
Rifampin

(E)
Isoniazid

34. A 68-year-old white South African man receiving treatment for lepromatous leprosy has increasing red-brown pigmentation. Which of the following an- tileprosy drugs is responsible for the patient's skin pigmentation?

(A)
Dapsone

(B)
Rifampin

(C)
Clofazimine

(D)
Capreomycin

(E)
Thiacetazone

35. A 23 year-old college student is diagnosed with Neisseria meningitidis based on his clinical presentation, gram-negative diplococci on Gram stain, and isolation of bacteria from cerebrospinal fluid. Which of the following drugs can be used as a prophylactic agent for roommates and other close contacts?

(A)
Amoxicillin

(B)
Isoniazid

(C)
Dapsone

(D)
Clarithromycin

(E)
Rifampin

36. A 32-year-old Haitian man has acute-onset confusion and suicidal ideation. Two weeks ago he began combination therapy for multi-drug resistant pulmonary tuberculosis. He has a history of depression that required intermittent treatment in the past. Which of the following antitubercular agents is responsible for the patient's neurological symptoms?

(A)
Pyrazinamide

(B)
Aminosalicylic acid

(C)
Cycloserine

(D)
Rifampin

(E)
Ethambutol
37. Which drug, compared with the rest, would be expected to produce a significantly higher concentration of active metabolite in cells infected with its target virus?

(A)
Cidofovir

(B)
Foscarnet

(C)
Oseltamivir

(D)
Penciclovir

(E)
Lamivudine

38. Which of the following drugs should not be given in combination with zidovudine because of an increased risk of myelosuppression?

(A)
Ganciclovir

(B)
Fomivirsen

(C)
Rimantadine

(D)
Famciclovir

(E)
Zanamivir

39. Caitlyn Doe is a 24-year-old woman in her third month of pregnancy. She has had severe pain, swelling, and redness in both eyes for several days and has been unable to see well enough to go to work. Ms. Doe's physician diagnosed herpes simplex keratoconjunctivitis; the infection has spread deep into the surrounding tissues. Which drug is indicated for HSV keratoconjunctivitis but is least likely to harm the fetus?

(A)
Cidofovir

(B)
Docosanol

(C)
Fomivirsen

(D)
Acyclovir

(E)
Ribavirin

40. Mitchell Jones, a 35-year-old man, began treatment for hepatitis C with interferon-a-2b and ribavirin (Rebetron) 4 weeks ago. On returning to his doctor for routine monitoring of his blood count and liver function, he complained of general fatigue and exertion when walking. His hemoglobin, CBC, differential, and platelet counts are shown in the accompanying table. Which is the most likely explanation of any abnormality?

(A)
Ribavirin decreases erythrocyte counts.

(B)
Interferon-a-2b decreases erythrocyte counts.

(C)
Interferon-a-2b elevates lymphocyte counts.

(D)
A and B are true.

(E)
A, B, and C are true.

41. A 65-year-old man with acute leukemia recently underwent induction chemotherapy and subsequently developed neutropenia and fever (with no source of fever identified). Fever persisted despite the use of empirical antibacterial therapy, and amphotericin B has been prescribed for possible fungal sepsis. Which laboratory test is LEAST helpful in monitoring for toxicities associated with amphotericin B?

(A)
Liver function tests

(B)
Serum potassium

(C)
Serum magnesium

(D)
Serum blood urea nitrogen and creatinine

(E)
Hemoglobin and hematocrit

42. A 55-year-old obese woman with adult-onset diabetes mellitus has been receiving amoxicillin for treatment of an acute exacerbation of chronic bronchitis. After a week of therapy, the patient develops dysuria and increased urinary frequency. Urinalysis shows 10 to 50 white blood cells per high-power field, and Gram stain of urine shows many budding yeasts. Which antifungal agent would be best in treating this patient for Candida cystitis?

(A)
Oral ketoconazole

(B)
Oral fluconazole

(C)
Topical clotrimazole

(D)
Oral 5-flucytosine

(E)
Oral itraconazole

43. A 43-year-old woman recently underwent allo- geneic bone marrow transplantation after chemotherapy failed in the treatment of metastatic breast carcinoma. The patient has had a stormy hospital course after her transplant, with respiratory failure requiring mechanical ventilation. A month into her hospitalization, surveillance sputum cultures reveal Aspergillus fumigatus, and a new infiltrate appears on her chest radiograph. Which antifungal agent is recommended for the treatment of invasive pulmonary aspergillosis in this patient?

(A)
Fluconazole

(B)
Amphotericin B

(C)
Amphotericin B with 5-flucytosine

(D)
Capsofungin

(E)
Itraconazole

44. A 57-year-old man with extensive onychomycosis (fungal toenail infection) asks you for an evaluation. He requests a prescription for itraconazole for treatment of this problem after seeing a television advertisement for this drug. He has chronic heartburn attributed to gastroesophageal reflux disease and is treated with the proton pump inhibitor omeprazole. He is taking lovastatin for treatment of hyperlipidemia. Three years ago he underwent cadaveric renal transplantation for end-stage kidney disease secondary to polycystic kidney disease and is taking cyclosporin to prevent transplant rejection. In prescribing itraconazole for this patient, what adjustments in his medication regimen do you recommend?

(A)
Discontinue omeprazole and substitute the H2 blocker ranitidine.

(B)
Discontinue omeprazole and substitute liquid antacids.

(C)
Discontinue omeprazole.

(D)
Continue lovastatin.

(E)
Increase cyclosporin dosing.
45. A 35-year-old medical entomologist comes to the hospital with chief complaints of fever, headache, and photophobia. This illness began about 6 days prior to admission, when he returned from a 2-month visit to the jungles of Central and South America. On his return flight, about 6 days prior to admission, he described having fever and shaking chills. He saw his physician 2 days prior to admission; the physician made a diagnosis of influenza and prescribed tetracycline. On the day of admission, the patient had shaking chills followed by temperature elevation to 104°F (40°C). Physical examination revealed a well-developed man who appeared ill. There is some left upper quadrant tenderness but no organomegaly; blood pressure, 126/90; pulse, 120; and respirations, 22. Laboratory findings were hemoglobin, 14.5 mg/dL (normal, 13.4-17.4 mg/dL); hematocrit, 45% (normal, 40-54%); Giemsa-stained blood smear (thick and thin) revealed Plasmodium vivax. What is the oral drug of choice to rid the blood of plasmodia?

(A)
Primaquine

(B)
Chloroquine

(C)
Sulfadiazine

(D)
Quinine

(E)
Mefloquine

46. A 27-year-old ecologist went to his physician with an ulcer on his left wrist 8 weeks after returning from Panama. The patient noted a small pink papule that was pruritic (itchy) and enlarged and developed a crusted appearance. This in time fell off, leaving an oozing shallow ulcer about 2 cm in diameter with indurated margins. He applied over- the-counter topical agents without clinical improvement. No fever or lymphadenopathy was present. Scrapings were taken from the raised margins of the ulcer and stained with Giemsa, revealing intra- cellular and free small, round and oval bodies measuring 2 to 5 |jim in diameter. While this is suggestive of the Leishmania amastigote stage in the vertebrate host, culture confirmed it to be L. braziliensis panamensis. The patient had New World cutaneous leishmaniasis. What is the drug of choice?

(A)
Praziquantel

(B)
Pyrimethamine-sulfadoxine

(C)
Pentavalent antimonials

(D)
Pyrantel pamoate

(E)
Primaquine phosphate

47. The patient is 43-year-old Agency for International Development worker with chief complaints of fever and headache. He recently returned from a trip to western Kenya and Tanzania. While traveling cross-country through the woodland and savanna by Land Rover, he indicated that the cab appeared to be filled with tsetse flies of the genus Glossina. He was bitten on the forearm and developed a painful chancre with some exudate. Physical examination showed the patient to be febrile, with a temperature of 102°F (38.8°C); he had tachycardia, with a pulse of 120 beats per minute, and appeared acutely ill and lethargic. Low-grade posterior cervical lymphadenopathy was present. There was no edema of the extremities, no organomegaly, and no abnormalities in his neurological examination. Renal and hepatic functions were normal. Giemsa-stained thick and thin blood smears examined to rule out malaria revealed trypomastigotes. Parasites were also found in a drop of exudate from a needle aspiration of the chancre. A lumbar puncture revealed CSF having one white blood cell and two red blood cells with normal glucose and protein levels. No parasites were seen in a centrifuged sample of CSF. What treatment is indicated for this patient?

(A)
Sulfadoxine-pyrimethamine

(B)
Chloroquine

(C)
Suramin

(D)
Melarsoprol

(E)
Metronidazole

48. A 52-year-old real estate salesperson has a 2-week history of watery diarrhea without blood. The patient states that 4 to 5 weeks ago she and her husband visited Aspen, Colorado, on a backpacking vacation and on occasion drank water from mountain streams. They were sure the water was potable, as the unspoiled, pristine area abounded with fish, beaver, and plant life. She states she has enjoyed perfect health except that she takes antacids for what she describes as gastroesophageal reflux disease. Her physical examination produced unremarkable findings. Examination of liquid stool revealed trophozoites and cysts of G. lamblia. Which of the following is the correct treatment for this disease?

(A)
Melarsoprol

(B)
Mefloquine

(C)
Mebendazole

(D)
Metronidazole

(E)
Meglumine antimonate

49. The patient is a 12-year-old boy with fever and vomiting. The fever began a month prior to admission, spiking to approximately 104°F (40°C) each day. The family physician for a time entertained a presumptive diagnosis of chloroquine-resistant malaria and prescribed mefloquine followed by a week of doxycycline, without effect. Then, 2 days prior to admission, the patient began vomiting after eating. About 4 months earlier the family visited their home of origin in Bihar state in northeast India. Physical examination revealed a thin, acutely ill child with a temperature of 103°F (39.4°C), pulse of 130, and respirations of 36. Positive finding on physical examination was a nontender distended abdomen with a liver edge palpable 5 finger breadths below the costal margin and a smooth, firm spleen extending to the umbilicus (he-patosplenomegaly).The skin was dry and darkly pigmented. Laboratory findings revealed hemoglobin of 8.5 mg/dL (normal, 13.4-17.4 mg/dL), white blood cell count 3900 cells/mm3 (normal, 4000-12,000 cells/mm3), platelet count 99,000 cells/mm3 (normal, 150,000-400,000 cells/mm3). A bone marrow aspirate revealed characteristic amastigotes of L. donovani. Which of the following is the drug of choice for visceral leishmaniasis?

(A)
Liposomal amphotericin B

(B)
Albendazole

(C)
Atovaquone

(D)
Pyrimethamine-sulfadoxine

(E)
Proguanil
50. While serving with Doctors Without Borders in Malaysia, you are seeing a patient who has intermittent cough, shortness of breath, and wheezing. Investigation reveals eosinophilia, absence of micro- filaria in the blood, and a chest radiograph showing scattered reticulonodular infiltrates. Which of the following points is the most important if your diagnosis is tropical pulmonary eosinophilia (TPE) ?

(A)
Symptoms get progressively worse and are not fluctuating.

(B)
Absence of microfilariae in blood makes the diagnosis unlikely.

(C)
Eosinophilia, although commonly seen, is not usually very high.

(D)
Ivermectin is the drug of choice.

(E)
Diethylcarbamazine is effective therapy.

51. A 10-year-old girl in North Carolina has had abdominal pain and cramps for the past few days. Her examination produced normal findings except for nonspecific abdominal discomfort with a complete blood count showing anemia and 22% eosinophils (elevated). A stool specimen revealed the characteristic eggs of A. lumbricoides. The drug of choice in treating this is

(A)
Piperazine

(B)
Pyrantel pamoate

(C)
Mebendazole

(D)
Albendazole

(E)
Thiabendazole

52. A 15-year-old Hispanic boy is brought in with seizures. No prior history of fever, chills, trauma, or headaches was reported on admission. Computed tomography reveals three ring-enhancing cystic lesions in the brain parenchyma, and a diagnosis of neurocysticercosis is made. Initial therapy in the management of this condition should include

(A)
Niclosamide

(B)
Praziquantel

(C)
Albendazole

(D)
Surgery

(E)
Thiabendazole

53. A patient with a history of frequenting sushi bars on the West Coast is admitted with abdominal pain, weakness, irritability, and dizziness. His neurological examination produced normal findings even though he had some complaints of paraesthesias. Diphyllobothriasis is diagnosed after stool studies are done. Management of this tapeworm infection is with

(A)
Praziquantel or niclosamide

(B)
Ivermectin

(C)
Albendazole

(D)
Vitamin B12
(E)
Piperazine
Answers
1. D. A drug may be selective to a particular enzyme system that is found only in the microbe and have no harmful effect on the patient. An example is sul-fonamides blocking the enzyme dihydropteroate synthesis. This is a necessary step in the synthesis of dihydrofolic acid. Humans can use preformed dihydrofolic acid and do not need this enzymatic step to produce purines. Pharmacodynamics describes what the drug does to the patient. Pharmacokinetics describes what the patient does to the drug. Sepsis describes what the pathogen does to the patient. Resistance is what the pathogen does to the drug.

2. C. The patient is very ill, and you cannot afford to wait for the diagnosis. You administer a combination of clindamycin and amikacin to ensure that you have coverage for gram-negative and gram-positive organisms and anaerobes. Vancomycin and penicillin G are effective against Gram-positive organisms only.

3. A. Ehrlich called salvarsan the magic bullet for its nontoxic effect to humans and to its toxicity against the organism responsible for syphilis.

4. D. The indiscriminate use of antibiotics in humans is the major reason for the emergence of microbial antibiotic resistance. Such resistance, which is most apparent in hospitals, has developed to all antibiotics, including vancomycin. The use of antibiotics in livestock has compounded the problem.

5. B. Pharmacodynamics describes what the drug does to the patient. Erythromycin stimulates gut motilin receptors and may induce nausea; this leads to the patient refusing to continue therapy. Pharmacokinetics describes what the patient does to the drug. Immunity is what the patient does to the pathogen; resistance is what the pathogen does to the drug; and selective toxicity is what the drug does to the pathogen.

6. B. Nitrofurantoin (A) is a urinary antiseptic agent active against many of the Enterobacteriaceae. Nitrofurantoin has no effect on Toxoplasma or P. carinii, as both are protozoans. TMP-SMX (B) daily or three times a week has proved to prevent both PCP and toxoplasmosis in AIDS patients. Norfloxacin (C) and other second-generation fluo- roquinolones are known for their antipseudomonal and Enterobacteriaceae activity. The antimicrobial activity is exerted through inhibition of DNA gyrase A and type IV topoisomerase. Methenamine (D) is active against various Enterobacteriaceae; it has no activity against protozoa. Formaldehyde denatures proteins and is bactericidal. Nalidixic acid (E) is used in urinary tract infections caused by Enterobacteriaceae (e.g.,E. coli, Klebsiella, and Proteus). It has no activity against protozoa.

7. B. Proteus species produce urease (A) that produces ammonia and urea, alkalizing urine. Urine requires acidification for effective therapy. Hippuric (B), mandelic, or ascorbic acids or methionine are urinary acidifying agents. The normal acidic urinary environment is disturbed by recurrent Proteus infections. Catalase (C) is produced by staphylococcal spp. The catalase test differentiates Staphylococci from Streptococci. It has no urinary activity. Folic acid (D) is a water-soluble vitamin and has no effect on urinary pH or acidification. Humans cannot synthesize folic acid, which must be obtained from the diet. A coagulase enzyme (E) is produced by Staphylococcus aureus. Coagulase test differentiates S. aureus from other staphylococci .It has no urinary antimicrobial activity.

8. A. Sulfonamides (A) compete for bilirubin binding sites on plasma albumin and increase fetal blood levels of unconjugated bilirubin. Unbound bilirubin crosses the blood-brain barrier and can be deposited in the basal ganglia and subthalamic nuclei causing kernicterus, a toxic encephalopathy. Defective bilirubin hepatic conjugation (B) is due to glucuronyl transferase deficiency resulting in Gilbert's syndrome. When seen in adults it usually presents with jaundice that is precipitated by fasting. Physiological jaundice (C) usually occurs in the newborn within a week of birth. It is due to the immature fetal acetyl- transferase system resulting in peripheral destruction of a large fetal red cell mass. Pregnancy-induced hepatic congestion (D), cholestasis, and acute cholecystitis are seen in pregnant women, not in the newborn. Primary biliary cirrhosis (E) is commonly seen in middle-aged women. It is a chronic progressive autoimmune disorder requiring steroids and sometimes liver transplant.

9. B. Humans cannot synthesize folic acid (A); diet is their main source. Sulfonamides selectively inhibit microbially synthesized folic acid. Incorporation (B) of PABA into microbial folic acid is competitively inhibited by sulfonamides. The TMP-SMX combination is synergistic because it acts at different steps in microbial folic acid synthesis. All sulfonamides are bacteriostatic. Inhibition of the transpeptidation reaction (C) involved in the synthesis of the bacterial cell wall is the basic mechanism of action of β-lactam antibiotics Changes in DNA gyrases (D) and active efflux transport system are mechanisms for resistance to quinolones. Structural changes (E) in dihydropteroate synthetase and overproduction of PABA are mechanisms of resistance to the sulfonamides.

10. B. Acute urosepsis (A) is possible, but the patient's physical examination produced benign findings. Adding a broad-spectrum antibiotic has no benefit without evidence of active disease. Possible allergic reaction (B) to nitrofurantoin; it is appropriate to stop the drug immediately to guard against one of three potential pulmonary reactions:

1) acute presentation with basilar infiltrate and pleural effusion,

2) chronic progressive bilateral interstitial fibrosis;

3) a subacute presentation.

Nitrofurantoin-resistant E. coli infection (C) and urosepsis are possible in patients who are taking chronic prophylaxis, but his examination produced benign findings. Acute community-acquired streptococcal pneumonia (D) shows one or more lobar infiltrates on radiography. The patient described has bilateral interstitial fibrosis. Nitrofurantoin-induced hemolysis (E) is possible in G6PD patients, but physical examination produced benign findings; G6PD patients usually present with hematuria.

11. B. Overproduction (A) of PABA is one of the resistance mechanisms of sulfonamides. Changes in the synthesis of DNA gyrases (B) is a well-described mechanism for quinolone resistance. Plasmid-mediated resistance (C) does not occur with quinolones. An active efflux system for transport of drug out of the cell has been described for quinolone resistance, but it is not plasmid mediated. Inhibition of structural blocks (D) in bacterial cell wall synthesis is a basic mechanism of action of β-lactam antibiotics. Inhibition of folic acid synthesis (E) by blocking different steps is the basic mechanism of action of sulfonamides.

12. B. The patient has complicated urinary tract infection and nonsevere sepsis syndrome caused by P. aeruginosa. Effective antibiotics for Pseudomonas spp. include mezlocillin, piperacillin, piperacillin-tazobactam, ticarcillin, and ticarcillin-clavulanate. The carbapenems (imipenem and meropenem) and the monobactam (aztreonam) are also active against P. aeruginosa. Ampicillin-sulbactam and cefazolin are ineffective against P. aeruginosa. The history defines a patient with type I allergic hypersensitivity to penicillin. The patient should avoid drugs in the penicillin class, including penicillin, nafcillin, oxacillin, cloxacillin, dicloxacillin, ampicillin, amoxicillin, ticarcillin, piperacillin, and mezlocillin. In addition, carbapenems (imipenem, meropenem) should not be administered to patients with a history of type I allergic response to penicillin or positive penicillin skin test. Cefazolin is a cephalosporin. Patients with type I allergy to penicillin and positive penicillin skin test have a 5.6% rate of allergic reactions to cephalosporins. Aztreonam may be used safely in patients with history of type I allergic response to penicillin.

13. B. The patient is pregnant and has latent syphilis of indeterminate duration. The pathogenic organism is T. pallidum. Benzathine penicillin G is the drug of first choice for treating latent syphilis. Doxycycline and tetracycline are alternatives treatments for non- pregnant patients with latent syphilis. Spectinomycin is not effective against syphilis; it is a treatment for disseminated gonorrhea in patients who are allergic to cephalosporins. Streptomycin is not effective against syphilis.

14. E. The patient has exudative pharyngitis, presumably secondary to group A streptococcus. Antibiotic treatment is indicated to reduce the duration and severity of symptoms and to prevent acute rheumatic fever. The antibiotic of first choice is penicillin V. Other reasonable alternatives are benzathine penicillin G, erythromycin, cephalosporin, clindamycin, azithromycin, and clarithromycin. Amikacin, lomefloxacin, metronidazole, and netilmicin are not active against group A streptococcus.

15. E. The patient has uncomplicated urethritis caused by N. gonorrhoeae. Effective antibiotics for gonorrhea include cephalosporins (ceftriaxone, cefixime, ceftizoxime, cefotaxime, cefotetan, cefoxitin), fluoro- quinolones (ciprofloxacin, ofloxacin, enoxacin, lomefloxacin, gatifloxacin), and spectinomycin. Gonorrhea is resistant to trimethoprim and rifampin. Amphotericin B is an antifungal drug, and isoniazid is an antimycobacterial drug. Neither has antigonococcal activity. Cephalosporins and other β-lactam antibiotics act to inhibit bacterial transpeptidase and block cross-linking of peptides in cell wall murein (peptidoglycan). Fluoroquinolone antibiotics inhibit DNA gyrase (topoisomerase) and interfere with bacterial DNA transcription and replication. Spectinomycin and doxycycline inhibit bacterial protein synthesis and act at the 30S ribosome subunit. Azithromycin inhibits bacterial protein synthesis and acts at the 50S ribosome subunit. Trimethoprim inhibits dihydrofo- late reductase and blocks formation of tetrahydro- folate required for purine synthesis. Rifampin inhibits RNA synthesis by binding to the subunit of DNA-dependent RNA polymerase. Amphotericin B inhibits fungal cell membrane integrity by binding to ergosterols to create pores. Isoniazid inhibits KasA, a β-ketoacyl carrier protein synthetase, and blocks mycolic acid synthesis.

16. B. The patient has impetigo. The causative organism is either Streptococcus pyogenes (group A) or S. aureus. Recommended antibiotic treatment is dicloxacillin or cloxacillin. Dapsone is used to treat skin infections with Mycobacterium leprae (leprosy) and to treat brown recluse spider (Loxosceles) bites. Doxycycline is used to treat skin infections with Bacillus anthracis (anthrax), Bartonella henselae (bacillary angiomatosis), Borrelia burgdorferi (Lyme disease, erythema migrans), Propionibacterium acnes (acne vulgaris), Vibrio vulnificus and Vibrio damsela (hemorrhagic bullous cellulitis).The question does not provide historical or epidemiological information to support these diagnoses. Ketoconazole is used to treat fungal infections of the skin (tinea capitis, tinea cruris, tinea corporis, tinea pedis, tinea versicolor). Dermatophyte infections are usually ery-thematous, with vesicles, fissures, and scaling. Penciclovir is a treatment for herpes simplex virus infections including herpes labialis fever blisters.

17. A. The aminoglycosides appear to act by binding to various sites on bacterial 30S ribosomal subunits and disrupting the initiation of protein synthesis. The other agents appear to have the capacity to directly inhibit bacterial cell-wall synthesis.

18. C. The selection of agents to treat brain infections is quite limited because most agents do not penetrate into cerebrospinal fluid or the brain itself.

19. B. A synergistic effect when the combination of an aminoglycoside and β-lactam antibiotic are administered concurrently is well documented. The reasons for the synergistic response are not well documented but may be related to the actions of the β-lactam antibiotic to raise pH and oxygen tension in areas of abscess and thereby increase the penetrability of the aminoglycoside.

20. C. Aminoglycosides can cause neuromuscular junction blockade by the mechanism of displacing Ca++ from the neuromuscular junction and thus leading to the Ca++-dependent prejunctional release of acetylcholine. This is of clinical significance only in patients with myasthenia gravis, hypocalcemia, and hypermagnesemia.

21. D. Aminoglycosides do not penetrate most cells, and most drug-metabolizing enzymes are found on the inside of the cells. Therefore, aminoglycosides are poorly metabolized, and nearly all of an intravenous dose can be recovered in the urine.

22. C. In an outbreak setting, involved hospital staff may undergo culture investigation of their skin flora and orifices to determine the source of infection. Oral vancomycin is not usually absorbed from the GI tract to be effective, and IV vancomycin is not indicated to eradicate colonization. Bacitracin ointment has been used with limited success and may be an option, along with strict handwashing and isolation precautions. Polymyxins are effective topical agents for gram-negative infections. A furlough from patient care responsibilities is unlikely to eradicate her nasal colony.

23. E. Trimethoprim, which exhibits broad-spectrum activity, with sulfamethoxazole is active against most aerobic and facultative gram-positive and gram-negative organisms. It is very effective in UTIs caused by gram-negative bacteria. Teicoplanin, bacitracin, and vancomycin are antibiotics with limited spectra of gram-positive coverage. Although polymyxins are active against gram- negative organisms, their only use is topical because of severe nephrotoxicity associated with IV therapy. Alternative therapy would be to use quinolone.

24. C. Minor suture irritation and superficial infection can be treated topically. Effective agents in the absence of culture results would be an ointment such as triple antibiotic, which has gram-positive and gram-negative spectra. Generally, polymyxins are active only against gram-negative organisms, and bacitracin works only against gram-positive organisms. Intravenous antibiotics are not indicated unless this evolves into a deeper soft tissue infection. Observation without any active management is unlikely to be successful.

25. D. It is not unusual to get colonized by hospital flora, especially with an indwelling Foley catheter. If the patient does not have any clinical evidence of infection, it is not necessary to start therapy with vancomycin or for that matter, any antibiotic. Entero- coccal UTI can still be treated with penicillins, but they are increasingly resistant to penicillins and even vancomycin. Since susceptibility data are still pending, neither vancomycin nor the new drug linezolid is yet indicated. Levofloxacin, although a good drug for UTIs, does not have enterococcal coverage. Discontinuation of the Foley catheter if possible and follow-up appear to be the best option. Watchful waiting may not be effective because these patients may go on to develop complicated UTIs.

26. C. Teicoplanin, although used in Europe, is not approved for use in the United States. It can be used to treat a variety of gram-positive infections and should be considered in resistant gram-positive infections as well. Bacitracin and polymyxins are topical agents with potential for serious nephrotoxicity when used parenterally. Linezolid is recently approved for resistant gram-positive infections (VRE and MRSA) and is available in the United States.

27. D. Doxycycline is the preferred parenteral tetracycline for the primary state of Lyme disease in adults and children older than 8 years of age. Penicillin V (A) would be ineffective. Erythromycin (B) and clarithromycin (C) also are not effective against Borrelia burgdorferi, the gram-negative anaerobe organism responsible for Lyme disease.

28. E. Chloramphenicol is no longer the treatment of choice for any bacterial infection because of the potentially fatal chloramphenicol-induced bone marrow suppression. In the past it has been used against the infections indicated in choices A, B, C, and D. It remains a major treatment for typhoid and paratyphoid fever in some developing countries, since alternative drugs are much more expensive.

29. D. Clarithromycin is one of the recommended antimicrobials for use in combination with other antimicrobials in treating disseminated Mycobacterium avium complex.

30. D. Although ciprofloxacin is the primary agent recommended for prophylaxis against anthrax, doxycycline is an equally effective agent. Amoxicillin (A) is not as effective. The macrolides (B) and (C) also are not as effective. Clindamycin (E) is not indicated for this use.

31. B. This individual most likely has a group A strep- tococcal infection due to a minor wound. Now it appears he is developing necrotizing fascitis, a serious complication. Sometimes when a large amount of group A streptococcal organisms are present, penicillin is not effective. Clindamycin is usually very active against streptococcal infections because the size of the bacterial inoculum will not affect its efficacy. Actually, the treatment of choice for this condition is immediate and possibly repeated surgical de- bridement of the involved area. Antibiotics are supportive therapy.

32. C. Pyrazinamide is known to cause hyperuricemia and precipitate gouty arthritis. Pyrazinamide-induced gouty arthritis does not respond to urico-suric therapy with probenecid but may respond to acetylsalicylic acid. Cycloserine (A) can cause headaches, confusion, tremors, and seizures, possibly secondary to low levels of magnesium in the cerebrospinal fluid; cycloserine should be avoided in patients with epilepsy and mental depression. It is not associated with hyperuricemia. Thiacetazone (B) is an antibiotic that is rarely used in tuberculosis. The most common adverse reactions are general rashes and GI intolerance. Its use is not associated with hyperuricemia. Rifampin (D) is associated with hepatitis, GI intolerance, drug interactions and a red-orange discoloration of saliva, tears, and urine. It is not associated with hyperuricemia. Aminosalicylic acid (E) is sometimes associated with sodium overload and fluid retention when large doses of the sodium salt of PAS is administered; it is not associated with hyperuricemia.

33. A. Ethambutol is associated with retrobulbar neuritis, resulting in loss of central vision and impaired red-green discrimination. Ethionamide (B) is an analogue of isonicotinic acid and is associated with GI intolerance and peripheral neuropathy, but not the optic neuritis or color vision discrimination problems. Aminosalicylic acid (C) can cause GI irritation and bleeding problems, so caution is required in peptic ulcer patients. It has no neurological side effects. Rifampin (D) is associated with red-orange discoloration of saliva, tears, and urine but not the color vision problems. Isoniazid (E) is associated with peripheral neuritis in chronic alcoholics and malnourished individuals and requires pyridoxine supplements. It is not associated with optic neuritis.

34. C. Clofazimine has antilepromatous and antiinflam- matory properties. Its most disturbing side effect is red-brown pigmentation of skin, particularly in light-skinned persons. Dapsone (A) can produce rashes and erythema nodosum, including Stevens- Johnson syndrome (dapsone dermatitis), but it is not associated with altered skin pigmentation. Rifampin (B) imparts a harmless red-orange discoloration of saliva, sweat, urine, feces, tears, and contact lenses but is not associated with skin pigmentation changes. Capreomycin (D) is similar to streptomycin and can cause ototoxicity and nephrotoxicity. Its use is not associated with skin discoloration or pigment problems. Thiacetazone (E) is rarely used in the treatment of leprosy. Rashes and GI intolerance are common side effects. It is not associated with any skin discoloration or pigment problem.

35. E. Rifampin, commonly used in the prophylaxis of Neisseriae meningitidis, is given to individuals who are in close contact with someone having the disease. Other drugs that can be used include ciprofloxacin and sulfonamides. Amoxicillin (A) is used as prophylaxis of endocarditis in patients with a history of endocarditis or a preexisting valvular heart disease. Isoniazid (B) is a commonly used drug for latent tuberculosis infection in high-risk patients who are positive PPD and have a negative chest radiograph. Dapsone (C) is used as a chemoprophylactic agent for Pneumocystis carinii pneumonia in AIDS patients who are allergic or intolerant to trimethoprim- sulfamethoxazole. Clarithromycin (D) is used as a chemoprophylactic agent for MAC in AIDS patients.

36. C. Cycloserine is associated with confusion, psychosis, and suicidal ideation; symptoms are usually seen within a week of therapy. Cycloserine should be avoided in patients with psychiatric disorders. Pyrazinamide (A) is associated with a hepatic dysfunction that must be closely monitored. Nearly all patients taking pyrazinamide develop hyper-uricemia. It has no neurological side effects. Aminosalicylic acid (B) is associated with GI intolerance, especially acute bleeding, due to severe gastritis. It has no neurological side effects. Rifampin (D) is associated with hepatitis, drug interactions, red-orange discoloration of body fluids, and rarely, a Flulike syndrome. It has no neurological side effects. Ethambutol (E) is associated with retrobulbar neuritis and color vision impairment. It may cause peripheral neuritis but is not associated with behavioral problems.

37. D. The conversion of penciclovir to its active form requires initial monophosphorylation by viral thymidine kinases, then conversion to its active triphosphate form by cellular enzymes. Thus, the concentration of penciclovir triphosphate is particularly high in cells infected with its target viruses (e.g., HSV, VZV, HBV). Foscarnet is a pyrophos-phate analogue that does not require activation. Oseltamivir is a neuraminidase inhibitor that is converted by hepatic esterases to its active form, Oseltamivir carboxylate. Lamivudine is converted to its active triphosphate form by host cellular enzymes.

38. A. Ganciclovir commonly causes myelosuppression and may produce severe neutropenia when given in combination with zidovudine. Fomivirsen is most commonly associated with iritis and other ocular information; rimantadine with nausea, vomiting, anorexia, and dizziness; famciclovir with headache, nausea, diarrhea, and CNS effects; and zanamivir with bronchospasm.

39. D. Acyclovir is in pregnancy category B: animal studies have shown no evidence of harm to the fetus, but no large, controlled studies of human outcomes have been performed. Cidofovir may be used to treat HSV that is resistant to acyclovir; however, it is embryotoxic and teratogenic, and Ms. Doe should avoid it. Docosanol is used for cold sores and is not indicated for ophthalmic use. Fomivirsen is effective against CMV retinitis, not HSV keratitis. Ribavirin is indicated for RSV infection and is also mutagenic, teratogenic, and embryotoxic.

40. D. Interferons and ribavirin are both likely to cause anemia; the combination of these two agents increases this possibility. Interferons do not stimulate lymphocyte proliferation.

41. A. Nephrotoxicity is the most common and most serious toxicity associated with amphotericin B administration. This is manifested by azotemia (elevated serum blood urea nitrogen and creatinine), and by renal tubular acidosis, which results in the wasting of potassium and magnesium in the urine (leading to hypokalemia and hypomagnesemia, requiring oral or intravenous replacement therapy). Normochromic normocytic anemia is also seen with long-term amphotericin B administration. Elevation of liver enzymes is not associated with the use of amphotericin B.

42. B. Oral fluconazole is well absorbed from the gastrointestinal tract, and 80% of drug is excreted into the urinary tract, allowing effective treatment of Candida cystitis. Subtherapeutic concentrations of itraconazole and ketoconazole are excreted into the urine; these agents are not effective in the treatment of Candida cystitis. Topical clotrimazole would be effective in the treatment of Candida vaginitis, which can cause dysuria, but would not be an effective treatment for cystitis. While 90% of 5-flucytosine is excreted unchanged in the urine, this more toxic agent is usually used only in combination therapy with a second antifungal agent (usually amphotericin B) in the treatment of systemic candidiasis or cryptococcal meningitis.

43. B. Amphotericin B remains the drug of choice in the treatment of disseminated or invasive fungal infections in immunocompromised hosts; bone marrow transplant recipients are the most heavily immunocompromised patients encountered in the hospital setting. 5-Flucytosine has no significant activity against Aspergillus spp., and it has bone marrow toxicity as a common adverse effect; it should not be used in this setting. Fluconazole has not been shown to be effective in the treatment of aspergillo-sis. Itraconazole has been reported to be effective as salvage treatment in patients with aspergillosis if amphotericin B therapy fails; it should not be used as initial treatment in this setting. Capsofungin, a new echinocandin antifungal agent recently approved by the U. S. Food and Drug Administration for the treatment of refractory aspergillosis when standard therapy with amphotericin B fails, should also not be used to treat invasive aspergillosis until more data showing efficacy are available.

44. C. Patients receiving multiple medications may have adverse drug reactions when a new medication is added to the regimen. Itraconazole requires an acidic gastric environment for absorption; any drug reducing gastric acid production (H2 blockers, proton pump inhibitors) or neutralizing gastric acid (antacids) will significantly reduce itraconazole absorption. Itraconazole inhibits the metabolism of lovastatin and simvastatin and should not be prescribed with these β-hydroxy- β-methyglutaryl-coenzyme A reductase inhibitors. Itraconazole will raise serum cyclosporin levels, resulting in cy-closporin toxicity, unless cyclosporin levels are closely monitored with dose reductions as indicated.

45. B. The drug of choice for clinical cure of P. vivax malaria is oral chloroquine. The only isolated reports of chloroquine-resistant P. vivax are from the western Pacific, not Central and South America. The patient should become afebrile in 24 to 48 hours, and parasitemia should decline in 72 hours. Since P. vivax, known as benign tertian malaria, responds well to chloroquine, there is no need to resort to parenteral quinine or quinidine or oral mefloquine; these agents have cardiotoxic and neu-rotoxic side effects. P. vivax also does not respond as well to the sulfonamides. In P. vivax and P. ovale infections, treatment with a blood schizonticide will result only in clinical cure, but radical cure requires additional treatment with a tissue schizonticide, pri-maquine, to destroy exoerythrocytic stages responsible for relapses. The patient should be checked for glucose 6-phosphate dehydrogenase deficiency before taking primaquine. Also, primaquine is not effective against erythrocytic schizonts at pharmacological levels, so it cannot be used in place of chloroquine.

46. C. The first-line drug for cutaneous or mucocuta-neous leishmaniasis is sodium stibogluconate (Pentostam) or meglumine antimonate (Glucan-time). Antimonials have not been approved by the U. S. Food and Drug Administration, but sodium stibogluconate is obtained from the Centers for Disease Control and Prevention. Clinical response is determined by species and resistance patterns of Leishmania and by host immunity. These drugs are given by intravenous or intramuscular injection. Phlebitis and pain are reduced when these drugs are given intravenously. In advanced mucocuta-neous leishmaniasis amphotericin B may be an alternative, especially in areas of resistance to antimony drugs. Liposomal amphotericin B is the drug of choice for visceral leishmaniasis and has been used successfully in the treatment of cutaneous and mucocutaneous disease. Pentamidine, ketoconazole, and itraconazole have been used effectively to treat the cutaneous but not visceral form of leishmaniasis. Pyrantel pamoate is a roundworm treatment and not indicated here. Primaquine phosphate is used to prevent relapses in tertian malaria, and praziquantel is the drug of choice in treating tapeworm and fluke infections. Pyrimethamine-sulfadoxine is used to treat malaria and is sometimes combined with quinine sulfate in chloroquine resistance. It is also used to treat toxoplasmosis when it is accompanied by leucovorin (folinic acid).

47. C. Suramin is the drug of choice for the hemolym- phatic stage of T. rhodesiense and T. gambiense with a normal CSF examination. This drug is almost 100% effective in eliminating trypanosomes from the blood of patients in the early stage of disease. Epidemiologically this patient appears to have East African trypanosomiasis caused by T. rhodesiense. Pentamidine isethionate results in lower cure rates in T. rhodesiense infections than those with suramin. Suramin does not cross the blood-brain barrier, so it is not effective for patients with meningoencephalopathic involvement. Somnolence, or inability to concentrate, may be seen before the CNS is involved. Treatment for CNS late-stage trypanosomiasis is melarsoprol; however, because of potential toxicity, this drug is reserved for late-stage disease only. Metronidazole is used to treat amebiasis, not trypanosomiasis. Sulfadoxine-pyrimethamine and chloroquine are antimalarial and are not used for this indication. Sulfadoxine-pyrimethamine with leucovorin (folinic acid) can also be used to treat Toxoplasma gondii.
48. D. Metronidazole is the drug most frequently recommended for treatment of this infection. Quin- acrine has been used in the past, but because of toxicity and lack of availability it is not a first choice. Albendazole, not mebendazole, has been used with a good outcome in giardiasis. Mebendazole is used to treat roundworm infections. Melarsoprol is used to treat advanced-stage CNS African trypanosomiasis. Mefloquine is an oral drug used to treat chloroquine-resistant malaria. Meglumine antimonate (Glucantime) or sodium stibogluconate (Pentostam) is used to treat cutaneous or mucocutaneous leishmaniasis by the IV route. Giardiasis, which may be chronic and the cause of malabsorption, sometimes requires multiple stool examinations or a duodenal aspirate. Infection may be through contaminated food or beverages or may be acquired through surface water contaminated by mammals such as beavers. The risk of human infection appears increased in those with reduced gastric acid production.

49. A. Liposomal amphotericin B was approved by the U.S. Food and Drug Administration to treat visceral leishmaniasis. Pentavalent antimony compounds, pentamidine, amphotericin B, and aminosidine (paromomycin) have all been demonstrated efficacious here. The liposomal amphotericin appears to be better taken up by the reticuloendothelial system, where the parasite resides, and partitions less in the kidney, where amphotericin B traditionally manifests its toxicity. In addition to being better tolerated by patients, it has proved to be very effective in India, where resistance to antimony drugs is widespread. This patient appears to have acquired his infection there, where many infected patients develop darkening of the skin, hence the name kala-azar, or black sickness. Albendazole, an anthelmintic, has no role here. Atovaquone, a naphthoquinone, is used to treat malaria, babesiosis, and pneumocystosis. Pyrimethamine-sulfadoxine is used to treat malaria and toxoplasmosis. Proguanil inhibits the dihydro-folate reductase of malaria parasites and is used in combination with atovaquone.

50. E. TPE is caused by microfilariae in the lungs and hyperimmune responsiveness to bancroftian or malayan filariasis. Paroxysmal respiratory symptoms may fluctuate in severity. Eosinophilia, almost always present, is usually very high, and the absence of microfilariae in the blood does not rule out TPE. A presumptive clinical diagnosis can be made by response to therapy without a lung biopsy. Diethylcarbamazine for 14 days is an effective therapy that can be repeated if symptoms persist. The role of ivermectin in TPE has not been established.

51. D. Intestinal helminths produce mild disease with nonspecific findings. Piperazine or pyrantel pamoate may be used for the treatment of ascariasis. Mebendazole is an effective drug to be taken for 3 days. Thiabendazole is not used in this condition but is used commonly in strongyloidiasis. Albendazole at a single dose of 400 mg is the preferred mode of therapy. It is a convenient agent for mass treatment programs that target school children in endemic areas.

52. C. Albendazole (approved by the U. S. Food and Drug Administration for this indication) has a 90% efficacy rate in neurocysticercosis. The initial therapy of parenchymal disease with seizures should focus on symptomatic treatment with anticonvulsants. However, while destroying the cyst, albendazole may result in a profound parenchymal brain reaction and in severe neurological defects or retinal damage (i.e., loss of vision and optic neuritis) in eye lesions. Corticosteroids should be given concomi- tantly in these situations. In ventricular disease with obstructive hydrocephalus, surgery with shunting can be helpful. Treatment with niclosamide or prazi- quantel should be considered later to eliminate the adult tapeworm in the gut and prevent further reinfection. Neither piperazine nor thiabendazole is effective in this indication.

53. A. D. latum, the fish tapeworm acquired from consumption of raw fish in endemic areas, is best treated with praziquantel or niclosamide. Ivermectin is effective for filarial infections, especially O. volvulus. Albendazole, although highly effective in some tapeworm infections, is not used in fish tapeworm infections. Vitamin B12 deficiency is due to the parasite competing with the host for the vitamin, sometimes absorbing 80% of ingested amounts. Patients may develop megaloblastic anemia and mild to severe central nervous system manifestations (subacute combined degeneration of spinal cord). Mild B12 deficiency should be treated with vitamin injections in addition to specific drug therapy. Piperazine, a roundworm treatment, is not used for this indication.
DRUGS USED FOR PHARMACOTHERAPY
OF DISEASES OF SPECIAL SYSTEMs
Lecture 44. Drugs used in gastrointestinal diseases

Many drugs discussed elsewhere in this collection have applications in the treatment of gastrointestinal diseases. M-cholinolytic agents inhibit the food-stimulated secretion of gastric acid and also affect intestinal smooth muscle; these drugs are useful in some forms of functional bowel disease. M-cholinomimetics stimulate smooth muscle and are used to promote gastrointestinal motility. Several other groups of medications are used almost exclusively in gastrointestinal disease; these are grouped and discussed below according to their therapeutic uses.

DRUGS, REGULATING APPETITE

These drugs are divided into drugs that increase and decrease appetite. Action is related with influence on the appetite control center (centers of hunger and satiation), located in hypothalamus. 

Drugs that increase an appetite include bitters (amara). Bitters are the substances that possess strong bitter taste. Bitters irritate taste receptors of oral cavity and stomach mucosa that cause reflective increasing of gastric juice secretion and promote digestion. Bitters are used for the treatment of the atrophic gastritis, hypoacidity (lower than normal level of hydrochloric acid), and anorexia (aversion to food). Bitters are should be used for 15-30 minutes before meals. Agents include bitter (Amara) tincture, tincture of wormwood (Absinthium), etc. Some taste substances (e.g., mint, pepper, and mustard) also exhibit features of bitters. They contain ether oil that stimulates an appetite. Bitters will be prohibited during hyperacidity, ulcer disease of stomach. Cyproheptadine (Peritol) is an antihistamine (H1) drug that stimulates the center of hunger in the CNS. It is used for the treatment of anorexia.
Appetite suppressants are sympathomimetic agents. They are Amfepramone (Phepranonum), Chlorphentermine (Desopimon), and Mazindol. These agents have pharmacological effects similar to those of Amphetamine (Phenaminum), including CNS stimulation and elevation of blood pressure. It is believed that the main effect of these medications is decreasing of the appetite control center activity. Phepranonum and Desopimon (relatives of Amphetamine) are weaker than Amphetamine as appetite suppressants, but less stimulate CNS and cardiovascular system, seldom causing drug addiction. Appetite suppressants are indicated in the management of exogenous obesity for short-term use (a few weeks) in conjunction with a regimen of weight reduction based on caloric restriction, exercise, and behavior modification.
Adverse effects include insomnia, tachycardia, increasing of blood pressure, sleeplessness, accustoming and drug addiction. They are contraindicated during hypertonia, disorders of cerebral blood circulating, thyrotoxicosis, diabetes mellitus, and epilepsy.
SUBSTANCES, STIMULATING AND INHIBITING SECRETIVE FUNCTION OF THE STOMACH

Drugs that stimulate stomach juice secretion are the next: Pepsin, Natural Gastric juice, Abominum, and Panzynorm (see lecture “Enzyme preparations and enzyme inhibitors”). They normalize secretion and motility of gastrointestinal tract and are indicated for replacement therapy of stomach upset such as achlorhydria (absence of hydrochloric acid in the gastric juice) or hypoacidity. Pentagastrin is a synthetic analog of the natural hormone, gastrin. Pentagastrin as well as gastrin stimulate the secretion of hydrochloric acid, pepsin, and increases GI motility. It is useful as a diagnostic test for achlorhydria and hypersecretion of stomach juice.

Drugs, decreasing the secretive function of stomach, include M-cholinolytics, ganglionblockers, and blockers of H2-histamine receptors, antacids, adsorbents, astringents, and local anesthetics. Gastric acid secretion is under the control of histamine, acetylcholine, and gastrin. The final common pathway is through the proton pump, H/K ATPase. 

H2(histamine)-receptors antagonists, e.g., Cimetidine, Ranitidine, Famotidine, and Nizatidine blockade H2-receptors of stomach mucosa that leads to reduction in basal, food-stimulated, and nocturnal secretion of gastric acid. Many trials have demonstrated their effectiveness in promoting the healing of duodenal and gastric ulcers and preventing their recurrence. H2-antagonists are rapidly and well absorbed following oral administration. Food delays and may slightly decrease absorption of the drugs. For active ulcer, any H2-blocker can be given twice daily or once at bedtime. Reversible hematologic abnormalities have been a rare occurrence with all members of this class of drugs. Cimetidine may cause reversible gynecomastia. This has been reported only rarely with Ranitidine and Famotidine. Cimetidine also slows hepatic microsomal metabolism of some drugs, such as Neodicumarin, Euphyllin, Diazepam, and Diphenin. Ranitidine appears to have less effect and Famotidine and Nizatidine no effect on hepatic drug metabolism.

Cholinoreceptor antagonists (lecture “Cholinergic antagonists”) such as M-cholinolytics (e.g., Atropine, Pirenzepine) and Ganglionblockers (e.g., Pempidine (Pirilenum), Pentaminum (Azamethonium bromide)) decrease the influence of nervus vagus that results in lowering of gastric juice secretion. Ganglionblockers are now rarely used because they’re adverse effects. Pirenzepine, an antimuscarinic agent with activity relatively selective for gastric M1-receptors, is approved for ulcer therapy. It may causes the disorder of accommodation, dryness of mouth, but less frequent than others M-cholinolytics. 

Omeprazole irreversibly inhibits the gastric parietal cell proton pump, (H/K ATPase). Inactivation of this enzyme system blocks the final step in the secretion of hydrochloric acid by these cells. The drug requires activation in the acid environment of the secretory canaliculus of the parietal cell, i.e., it is a prodrug. Omeprazole inhibits basal and stimulated gastric acid secretion. Omeprazole is a more potent inhibitor of such secretion than are H2-receptor antagonists. Although omeprazole has a short terminal plasma half-life, the drug has a long duration of action (about 3 days). Omeprazole increases plasma gastrin concentrations via a negative feedback mechanism resulting from decreased gastric acid secretion. Omeprazole is approved for the treatment of gastric and duodenal ulcers as well as for prevention of recurrence of duodenal ulcers. The initial dose is 20 mg once daily. Omeprazole is well-tolerated drug. However, increase in gastric carcinoid tumors has been observed during long-term Omeprazole exposure in animals.

Gastric antacids are weak bases that react with gastric hydrochloric acid to form a salt and water. Their usefulness in peptic ulcer disease appears to lie in their ability to reduce gastric acidity. Antacid-induced increases in gastric pH inhibit the proteolytic action of pepsin. Some antacids, such as aluminum hydroxide, have astringent action. Most antacids in current use have as their principal constituent magnesium or aluminum hydroxide, alone or in combination, and occasionally in combination with sodium bicarbonate or a calcium salt.

Antacids include sodium bicarbonate, magnesium oxide, calcium carbonate, aluminum hydroxide, and a lot of complex drugs (e.g., Almagel, Maalox, Phosphalugel, Vicair®, De-Nol, etc). Sodium bicarbonate possesses the most quick but short period of action. During interaction with acid, carbon dioxide is formed, which stretches stomach and causes secondary wave of secretion. Absorbing into blood, sodium bicarbonate may causes systemic alkalosis. Magnesium oxide, Aluminum hydroxide act slower, more durable, and more active than sodium bicarbonate. Magnesium oxide may cause purgative effect, however Aluminum hydroxide may cause constipation. Calcium carbonate is slowly solubilized in the stomach. In high doses it may cause hypercalcemia and alkalosis. 

There are many complex antacids. They are Almagel (Aluminum hydroxide and Magnesium oxide), Maalox (Aluminum and Magnesium hydroxide). These agents possess antacid, adsorptive, astringent, and envelop activities. Also agents that contain bismuth such as Vicair (Bismuth subnitrate, Magnesium carbonate, Sodium bicarbonate, and powder of Frangula bark), De-Nol (Bismuth subcitrate) are well known. Bismuth salts have antacid and astringent effects. In addition, De-Nol has mild activity against Helicobacter pylori that is associated with gastritis and peptic ulcer.

Antacids are used as an adjunct to physical and emotional rest, other drugs for the relief of peptic ulcer pain and to promote the healing of peptic ulcers, hyperacid gastritis. Antacids also are used for the relief of dyspepsia, heartburn, and sour stomach.

Sucralfate is a gel (aluminum salt), which in acid surrounding forms glutinous and sticky substance, covering the ulcerous surface and protecting it from damages. Sucralfate is not absorbed. Supplementary information about adsorbents, astringents, and local anesthetics is discussed in lecture “Drugs that protect receptors”.

A great meaning in treatment of gastritis and ulcer disease of stomach and duodenum is taken by gastric protectors – drugs that increase protection function of sputum and stableness of mucous layer (Carbenoxolone, Misoprostol). Carbenoxolone increases secretion of sputum, forming it more glutinous. It may cause retention of water in organism, hypertension. Misoprostol is a synthetic prostaglandin E1 that increase stability of gastric mucous, lower secretion of hydrochloric acid and fasten secretion of sputum. Now are widely used drugs, which promote stomach mucosa regeneration. To them are concerned Solcoseril, Vitamin U, anabolic steroids (Nandrolone (Retabolil), Phenobolil, etc.), Riboxin and Methyluracil.

EMETIC AND ANTI-EMETIC DRUGS

Vomiting is a protective stomach reaction directed on its cleaning. Coordination of the complex motor activity of the stomach and abdominal musculature takes place in the vomiting center, which is located in the reticular formation in the medulla. The vomiting center receives input from the chemoreceptor trigger zone located on the floor of the fourth ventricle, the vestibular apparatus, and other areas.
Vomiting can be evoked for turning out irritate and toxic substances from the stomach (see lecture “Dugs that irritate receptors”). For that purpose Apomorphine is used. It stimulates dopamine receptors of trigger zone. Apomorphine is characterized by short period of nausea. It is contraindicated during unconscious state, burns of esophagus and stomach by acid and alkaline. Sometimes it is used during treatment of alcoholism for forming of negative conditional reflex on alcohol.
Nausea and vomiting may be manifestations of a wide variety of conditions, including pregnancy, motion sickness, gastrointestinal obstruction, peptic ulcer, drug toxicity, myocardial infarction, cancer chemotherapy, etc. So choosing of antiemetic drugs is determined by reasons, caused vomiting. 

The major categories of antiemetic agents include H1-antihistamines, neuroleptics, M-cholinolytics, Metoclopramide, and Ondansetron.

The antihistamines with good antiemetic activity (e.g., Dimedrolum, Diprazin) possess significant antimuscarinic and sedative effects (see lecture “Immunotropic agents”). It appears probable that both of these actions and the H1-blocking effect contribute to the antiemetic efficacy. They are particularly effective for the nausea and vomiting associated with motion sickness, perhaps because of specific depression of conduction in the vestibulocerebellum pathway. Anticholinergic agents, especially Atropine, Scopolamine (Aeron), are also used to prevent motion sickness (see lecture “Cholinergic antagonists”).

The neuroleptics block dopamine receptors in the trigger zone as well as other areas of the brain (see lecture “Neuroleptics”). Chlorpromazine (Aminazinum) and Haloperidol are often used as antiemetics. Extrapyramidal symptoms (Parkinsonism) can be severe when large doses of neuroleptics are used. Thiethylperazine is a phenothiazine derivative (as Aminazinum). Agent is a strong antiemetic, however it causes mild extrapyramidal disorders.

Metoclopramide promotes gastrointestinal motility. In addition to its M-cholinomimetic properties, Metoclopramide is a potent dopamine antagonist. It does not increase gastric or pancreatic secretion. These drugs hasten esophageal clearance, raise lower esophageal sphincter pressure, accelerate gastric emptying, and shorten small intestine transit time. Metoclopramide's central dopamine antagonist effect is thought to be responsible for its significant antiemetic properties. Metoclopramide injection is indicated for the prevention of nausea and vomiting associated with emetogenic cancer chemotherapy, in postoperative period. Oral metoclopramide is indicated in adults for the symptomatic treatment of heartburn and reflux esophagitis, for correcting the slow gastric emptying. The most common side effects of Metoclopramide are somnolence and nervousness. Parkinsonism has also been reported.

Ondansetron is a selective inhibitor of serotonin (5-HT3) receptors. The antiemetic activity of ondansetron appears to be mediated both centrally and peripherally via inhibition of 5-HT3 receptors. Ondansetron is used orally or intravenously for the prevention of nausea and vomiting associated with emetogenic cancer chemotherapy. Ondansetron appear to be more effective and better tolerated than the pharmacologically less selective Metoclopramide and therefore may be preferred for the management of acute emetic effects in many patients.
SUBSTANCES, INFLUENCING ON MOTILITY OF INTESTINE

They are divided into:

· drugs, depressing intestine motility (antidiarrheal agents);

· drugs, increasing intestine motility (laxatives).

Diarrhea is a symptom of many diseases (poisoning, infections, diseases of stomach and pancreas, etc.). For the diarrhea therapy it reason is necessary to confirm. If diarrhea is caused by infection process, antimicrobial agents must be taken. In the treatment of uncomplicated diarrhea that caused by modification of the intestinal flora by drugs (e.g., antibiotics) or during different diseases one can use Chilac, Biphidumbacterin, etc. These agents contain an acid-producing intestine bacterium (e.g., Lactobacillus acidophilus) or its extract prepared in a concentrated, dried, and viable culture for oral administration.

As drugs for symptomatic diarrhea therapy are used astringents, enveloping and adsorptive substances, which possess non-specific anti-inflammatory and protect intestine mucosa from irritate agents. M-cholinolytics, ganglionblockers, and spasmolytics of Myotropic action (Papaverine, No-Spa, Dibasolum, etc.) decrease the tonus of smooth muscles of intestine wall that results in lowering of intestine motility. Loperamide is a synthetic piperidine-derivative antidiarrheal agent. Drug binds with opioid receptors of intestine (like Morphine) and enhances contractions of intestinal circular musculature, thus increasing segmentation and retarding forward motion through the intestine. Loperamide is potent, specific, and long acting antidiarrheal agent. It has no analgesic activity. Loperamide is used in the control and symptomatic relief of acute nonspecific diarrhea and of chronic diarrhea associated with inflammatory bowel disease. Adverse effects of Loperamide are constipation, dizziness, and nausea. Also it has M-cholinolytic activity.

Drugs that increase the motility of intestine include M- and M-, N-cholinomimetics (Aceclidine, Proserinum, Galantamine, etc.). These agents stimulate tonus of nervus vagus that leads to the activation of smooth muscles of intestine wall and intestine motility in general. Direct stimulating action on the intestine wall have purgatives.

Purgatives are the substances that fasten movement of intestinal content and promote defecation. In dependence of mechanism of action they are divided into next groups: 

· drugs, acting basically on small intestine (Castor oil); 

· drugs, acting basically on large intestine (leaves of Senna, bark of Frangula, Phenolphthalein, Bisacodyl); 

· drugs, acting on all parts of intestine (salt laxatives – Magnesium sulfate);

· bulk laxatives (Agar, Methylcellulose, Bran)

· stool softeners (Mineral oil, Vaseline).

Castor oil is hydrolyzed in the upper small intestine to ricinoleic acid, a local irritant that increases intestinal motility. The onset of action is prompt (2-6 hours) and continues until the compound is excreted via the colon. It is administered during acute constipation. Castor oil is contraindicated during poisoning by fat-dissolved substances. 

Bark of Frangula, leaves of Senna contain emodin alkaloids that are liberated after absorption from the intestine and are excreted into the colon, where peristalsis is stimulated. Thus, their onset of activity is delayed for 6-10 hours. So, they are usually administrated in evening. These agents are used for the treatment of chronic constipation. Adverse effects include spasm of intestine, meteorism. Phenolphthalein and Bisacodyl, which are synthetic drugs, are also potent colonic stimulants. They are absorbed in small intestine and excreted in large intestine, increasing it’s peristaltic. 

Saline cathartics (Magnesium sulfate) distend the bowel and stimulate its contractions. These nonabsorbable salts hold water in the intestine by osmotic force and cause distention. In result magnesium sulfate increases the motility of all intestine. Saline cathartics serve for removal of ingested toxin and as colonic lavage solutions, chiefly in preparation for radiological or endoscopic procedures. It has to be administrated with enough volume of warm water (1-2 glasses). Potent laxative effect develops after 2-4 hours. Magnesium sulfate is taken seldom because it impairs the absorption of nutritious substances in intestine.

Bulking laxatives. Agar and Methylcellulose are swelling in the large intestine lumen that is associated with their enlargement. They distend the intestine and thereby stimulating its peristaltic activity. Bran (by-product of the milling of wheat, containing the indigestible cellulose) and other forms of vegetable fiber have the same effect. Bulking laxatives are taken for chronic constipation.

Stool softeners become emulsified with stool. They serve to soften stool and make passage easier. Examples are Mineral oil, Glycerin. They have weak laxative effect. Adverse effects include impairment of food digestion, uncontrolled defecation, and soil of clothes.

Purgatives are contraindicated during acute appendicitis and cholecystitis, peritonitis, mechanical impassability of intestines, pinched hernia, bleeding in GI tract, menorrhagia. They are to be carefully used during pregnancy due risk of abortion.

HEPATOTROPIC DRUGS

Hepatotropic drugs consist of three groups. They are (1) bile-drive drugs, (2) hepatoprotectors, and (3) chololithics. 

Bile-drive drugs regulate the bile production and bile output. Lack of gall causes disorder of emulsion and absorption of lipids, fat-dissolved vitamins as well as development of putrid microflora in intestine and depression of its motility.
Bile-drive drugs are divided into two main groups.

· drugs that stimulate bile production (Cholosecretics);

w. drugs that contain bile: Allohol (consist of bile, garlic and nettle extracts, and activated carbon), Cholenzym (bile, dry powder of cattle pancreas and intestine), etc.

x. drugs of plant origin: Cholosas (syrupus of wild rose hips), Corn oil, etc.  

y. synthetic drugs: Hydroxymethylnicotinamide (Nicodin), Cycvalonum, etc.

· drugs promoting bile excretion into duodenum
z. drugs that increase tonus and motility of gallbladder, and accelerate its emptying (Cholokinetics): Cholecystokinin, Pituitrinum, Magnesium sulfate, Sorbitol, etc.
aa. drugs that decrease tonus of bile ducts and Oddi’s sphincter (Spasmolytics): Atropine, Platyphyllinum, Papaverine, No-Spa, etc.
· drugs that cause desaturation of the bile (Chololithics)

Cholosecretics. Drugs of resorptive type action, which activate hepatocytes. Also they irritate the intestine chemoreceptors that in reflective way promotes bile secretion. In addition, drugs including bile can act as substitutive agents. Cholesecretics are indicated during insufficiency of bile production. They will be contraindicated during acute and considerable lever defeats, obturation of bile ducts by gallstone, etc., because they form additive loading on liver and may increase jaundice.

Cholokinetics are used for the hypotonia of gallbladder and bile ducts. Spasmolytics are used for removing of liver colic, Oddi’s sphincter spasm.
That classification is quite comparative, because drugs, stimulating the gall formation, at the same time increase its excretion. And drugs, increasing the gall excretion, promote gall formation. The most important factor during treating of liver and gall-ducts diseases, is the bettering of gall outflow, what deletes it’s stagnation and absorption to blood, lower risk of infection’s development in gall-ducts, and forming of gall-stones.

Hepatoprotectors are the drugs that increase the resistance of hepatocytes membrane, induce the hepatocytes enzymes, and promote restoration of liver function (synthesis of proteins, detoxication). As the rule, these drugs possess antioxidant properties. These features are possessed by Silibinin (Legalon), Essentiale. The last one includes essential (important) phospholipids, Vitamins (B6, B12, PP, etc.). Hepatoprotectors are used for the treatment of hepatitis, cirrhosis.

Chololithics are the drugs that cause desaturation of the bile by increasing the ratio of bile acids to cholesterol. The reduced cholesterol saturation allows for the gradual solubilization of cholesterol from gallstones, resulting in their eventual dissolution. Cholinolytics are chenodeoxycholic acid (Chenofalk, Chenodiol) and Ursodeoxycholic acid (Ursofalk). Chololithics are indicated for dissolution of cholesterol gallstones in selected patients with uncomplicated gallstone disease and functioning gallbladder.

DRUGS, INFLUENCING ON OUTSECRETIVE (EXOCRINE) FUNCTION OF PANCREAS
They are divided into agents, which stimulate exocrine function of pancreas (bitters, Hydrochloric acid), agents for replacement therapy (Pancreatin, Panzynorm forte, Festal, Mezym forte), and agents, which inactivate pancreas enzymes. Uses of replacement therapy drugs are discussed in lecture “Enzyme preparations and enzyme inhibitors”. Agents, inhibiting pancreas enzymes are discussed below.
Enzymes of pancreas take part in destruction of proteins, fats and hydrocarbons. Usually in pancreas enzymes are present in nonactive (pre-enzyme) form, which is transformed to active form in the intestine lumen only. During acute pancreatitis, activation of enzymes especially proteolytic begins in gland tissues that lead to “self-destruction” of pancreas. Treatment of acute pancreatitis is directed on lowering of pancreatic secretion, using M-cholinolytics (Atropine, etc.) and inactivation of proteolytic enzymes (Trypsin and Kallikrein) by using their inhibitors (Contrykal, Trasylol). Contrykal is obtained from cattle lung or pancreas tissues. Its activity is expressed in IU. Contrykal is injected intravenously dropwise. The most serious adverse effect of this agent is allergic reactions.

Available forms:

Tincture amara – in bottles 25 ml

Mazindol – in tablets 0,001 each

Panzynorm – in patented tablets 


Famotidin – in tablets 0,02 or 0,04 each

Omeprazole – in capsules 0,02 each

Almagel – in bottles 170 ml

Apomorphine hydrochloride – powder; in ampoules 1 % solution 1 ml 

Metoclopramide – in tablets 0,01 each; in ampoules 0,5 % solution 2 ml

Ondansetron – in tablets 0,004 or 0,008 each; in ampoules 0,2 % solution
2 ml or 4 ml each

Loperamide – in capsules 0,002 each

Magnesia sulfate – powder 30,0 (to dilute in ½ of warm water, for one using, laxative)

Senadum – in patented tablets (contain extract of leaves of Senna)

Bisacodyl – in tablets 0,005 each

Cholenzym – in patented tablets 

Cholosas – in bottles 300 ml

Nicodin – in tablets 0,5 each

No-spa – in tablets 0,04 each; in ampoules 2 % solution 2 ml each

Legalon – in patented dragee (legalonum-70 and legalonum-140)

Contrykal – in bottles 10000 IU; 30000 IU or 50000 IU (to dilute before using content of the bottle in 300-500 ml of physiologic solution)

Lecture 45. Drugs used in RESPIRATORY DISEASES

To this group are concerned drugs that are used for the treatment of (1) bronchial constriction, (2) cough, (3) depression of respiratory, (4) pulmonary edema, and (5) for the bettering of sputum expelling.
Bronchodilators and other agents used in bronchial asthma
Bronchial asthma is physiologically characterized by widespread narrowing of the airways. It is a disease mediated by reaginic (IgE) antibodies bound to mast cells in the airway mucosa. Bronchial spasm appears in result of disorders in neural and humoral regulation of bronchial muscle’s tonus. To neural factors are considered depression of β2-adrenoreceptors and activation of M-cholinoreceptors. Humoral factors, that provoke bronchial spasm, are mediators of allergic reactions (histamine, serotonin, substance of anaphylaxis, etc.), that are excreted by basophilic cells and thrombocytes. Its pathologic features are contraction of airway smooth muscle, mucosal thickening from edema and cellular infiltration, and inspissation in the airway lumen of abnormally thick, viscid plugs of mucus. Of these causes of airway obstruction, contraction of smooth muscle is most easily reversed by current therapy; reversal of the edema and cellular infiltration requires sustained treatment with anti-inflammatory agents. In case, when asthma has infective-allergic nature, anti-microbe drugs are also used.

Classification of bronchi widening (Broncholytics) drugs:

· β-adrenomimetics

ab. nonselective β1+β2-adrenomimetics (Orciprenaline, Isoprenaline (Isadrinum)) and α+β-adrenomimetics (Adrenaline, Ephedrine);

ac. selective β2-adrenomimetics (Salbutamol, Fenoterol, Terbutaline).

· M-cholinolytics (Ipratropium bromide, Atropine, Platyphyllinum);

· Myotropic drugs (Euphyllin, Theophylline, No-spa);

· Antiinflammatory, antiallergic and desensitizing drugs (glucocorticoids, Cromolyn-sodium, Ketotifen, H1-histaminoblockers);

· Complex drugs (Theophedrinum, Solutan, Antasman).

The adrenoceptor agonists, discussed in detail in lecture “Adrenergic agonists”, have several pharmacologic actions that are important in the treatment of asthma  i.e., they relax airway smooth muscle and inhibit release of some broncho-constrictive substances from mast cells. As in other tissues, the β-agonists stimulate adenylate cyclase and catalyze the formation of cAMP in the airway tissues. Although there is no evidence for direct sympathetic innervation of human airway smooth muscle, there is ample evidence for the presence of adrenoreceptors on airway smooth muscle. The adrenomimetic agents that have been widely used in the treatment of bronchial asthma include adrenaline, ephedrine, isadrine, and a number of 2-selective agents.

Adrenaline (Epinephrine) is an effective, rapidly acting bronchodilator when injected subcutaneously. Because adrenaline stimulates  as well as α receptors, tachycardia, arrhythmias, worsening of angina pectoris, and hypertension are troublesome adverse effects. Compared with Adrenaline, Ephedrine has a longer duration (4-6 hours), oral activity, more pronounced central effects, and much lower potency. Ephedrine acts at indirect way – it stimulates the releasing of Noradrenaline from presynaptic membrane. It is prescribed in fixed-dose combination with spasmolytics (Theophylline), H1-histaminoblockers (Dimedrole) in commercial formulations.

Isadrinum (Isoproterenol) is a potent bronchodilator; when inhaled as a microaerosol, it causes maximal bronchodilation within 5 minutes. Isadrine has a 60 to 90 minute duration of action. It stimulates both β1 and β2 receptors, that’s why it causes tachycardia, arrhythmias, and evokes the attack of angina pectoris. Because nonselective adrenomimetics cause more cardiac stimulation (mediated by 1 receptors), they are replaced by selective β2-adrenomimetics.

The β-selective adrenoceptor agonist drugs are the most widely used adrenomimetics for the treatment of asthma at the present time. These agents are effective after inhaled or oral administration and have a long duration of action and significant 2 selectivity. Salbutamol (Albuterol), Terbutaline, and Fenoterol are available as metered-dose inhalers. Bronchodilation is maximal by 30 minutes and persists for 3-4 hours. Salbutamol and Terbutaline are also prepared in tablet form. One tablet two or three times daily is the usual regimen. Of these agents, only terbutaline is available for subcutaneous injection. The indications for this route are similar to those for subcutaneous adrenaline severe asthma requiring emergency treatment. The principal adverse effects of selective β2-adrenomimetics are skeletal muscle tremor, nervousness, and occasional weakness.

Interest in the potential value of M-cholinolytics has recently been increased by demonstration of the importance of the vagus in bronchospastic responses of laboratory animals and by the development of a potent agent that is poorly absorbed after aerosol administration to the airways and is therefore not associated with systemic Atropine effects.

M-cholinolytics competitively inhibit the effect of acetylcholine at muscarinic receptors. In the airways, acetylcholine is released from efferent endings of the vagus nerves, and M-cholinolytics can effectively block the contraction of airway smooth muscle and the increase in secretion of mucus that occurs in response to vagal activity. Very high concentrations are required to inhibit the response of airway smooth muscle to nonmuscarinic stimulation. This selectivity of muscarinic antagonists limits their usefulness in preventing bronchospasm.

M-cholinolytics are effective bronchodilators. When given intravenously, atropine, the prototypical M-cholinolytic, causes bronchodilation at a lower dose than that needed to cause an increase in heart rate. Deposition of the aerosol in the mouth frequently causes a local drying effect. Adverse effects due to systemic absorption include urinary retention, tachycardia, loss of visual accommodation, and agitation.

Systemic adverse effects limit the quantity of Atropine sulfate that can be given, but the development of a more selective quaternary ammonium derivative of Atropine, Ipratropium Bromide (Atrovent), permits delivery of high doses to muscarinic receptors in the airways because the compound is poorly absorbed and does not readily enter the central nervous system. Its effect appears after 20-30 minutes, reaches maximum within 1,5-2 hours and lasts 4-8 hours.

Theophylline as well as caffeine are the derivatives of methylxanthines. At high concentrations, it inhibits the enzyme phosphodiesterase, which hydrolyzes cyclic nucleotides. This inhibition results in higher concentrations of intracellular cAMP. This effect could explain the cardiac stimulation and smooth muscle relaxation produced by these drugs, but it is not certain that sufficiently high concentrations are achieved in vivo to inhibit phosphodiesterase. Another proposed mechanism is the inhibition of cell surface receptors for adenosine that has been shown to cause contraction of isolated airway smooth muscle and to enhance histamine release from cells present in the lung. These effects are antagonized by theophylline, which blocks cell surface adenosine receptors. Besides broncholytic effect, theophylline dilates vessels of the lung, kidneys, heart, skeleton muscles, lowers hemodynamic loading on heart. It causes direct cardiotonic action and increases oxygen needs. 

A lot of complex drugs include Theophylline. Euphylline (Theophylline + Ethylenediamine), Xanthinol nicotinate (Theophylline + Nicotinic acid), etc are the most known. Euphyllin is well absorbed (90 %) after enteral introducing. For removing of bronchial asthma attack it is introduced intravenously or intramuscularly, however it causes irritate action. Therapeutic effect lasts 6 hours. Metabolism is done in liver; it is slower during the depression of hepatic enzymes, evoked by drugs (e.g., H2-histaminoblockers). In such cases smaller doses of Euphylline are needed. It is excreted by kidneys in form of metabolites (90 %) and in non-transformed form (10 %). Adverse effects include excitation of the CNS (anxiety, insomnia, tremor, cramps), tachycardia, arrhythmia, sometimes-cardiac insufficiency. Xanthinol nicotinate is used for the treatment of diseases that accompanied by vessel contraction (e.g., atherosclerosis).

Another spasmolytics are Papaverine, No-spa. They have a direct relaxant effect on vascular, bronchial and other smooth muscle due to inhibition of the enzyme phosphodiesterase and accumulation of cAMP in the smooth muscles. These agents are indicated for the treatment of spasm of the gastrointestinal tract, bronchi, etc. As the rule, Papaverine and No-spa are used in combination with another broncholytics.
Anti-allergic, desensitizing and anti-inflammatory drugs include Cromolyn sodium, Ketotifen, Corticosteroids.

Cromolyn sodium differs from most antiasthmatic medications in that it is only of value when taken prophylactically. Cromolyn inhibits mast cell release of histamine, leukotrienes, and other substances that cause hypersensitivity reactions. When used as aerosol (metered-dose inhalers), it effectively inhibit both antigen- and exercise-induced asthma, and chronic use (four times daily) may reduce the overall level of bronchial reactivity; however, this drug has no effect on airway smooth muscle tone and is ineffective in reversing asthmatic bronchospasm. Cromolyn is poorly absorbed from the gastrointestinal tract. For use in bronchial asthma, it must be applied topically by inhalation. When given by inhalation or orally, less than 10 % is absorbed, and most is excreted unchanged. 

Ketotifen has antihistamine and antiallergic activities. It inhibits mast cell release of histamine, leukotrienes, and other substances that cause hypersensitivity. In addition, Ketotifen blocks H1-receptors. Agent is well absorbed from gastrointestinal tract. The serum half-life is about 20 hours. Ketotifen is used for the prevention of acute bronchospasm. Adverse effects include drowsiness and thrombocytopenia.

Like Cromolyn, corticosteroids do not relax airway smooth muscle directly but reduce bronchial reactivity, increase airway caliber, and reduce the frequency of asthma exacerbations if administered for some time. Their effect on airway obstruction may be due in part to their potentiation of the effects of β-receptor agonists, but their most important action is their inhibition of the eosinophilic airway mucosal inflammation in asthmatic airways. The principal antiinflammatory action is the inhibition of the release of arachidonic acid from cell membranes and therefore reduction of the production of leukotrienes, prostaglandins, and cytokines. Aerosol treatment is the most effective way to decrease the systemic adverse effects of corticosteroid therapy. Inhalation of lipid-soluble corticosteroid such as Beclomethasone makes it possible to deliver corticosteroids to the airways with minimal systemic absorption. Effect develops gradually, so it is not used for turning out of attack. Because of severe adverse effects when given chronically, oral and parenteral corticosteroids (Prednisolone, Beclomethasone, Triamcinolone) are generally reserved for patients who require more urgent treatment, i.e., those who have not improved adequately with bronchodilators or who experience worsening symptoms despite maintenance therapy.
Adverse effects during short courses (less than 7 days) usually are absent, during prolonged using – hyperglycemia, hypertension, osteoporosis, adrenal cortex insufficiency, etc may appear. A special problem caused by inhaled topical corticosteroids is the occurrence of oropharyngeal candidiasis.

Combined drugs (Theophedrinum, Solutan, Antasman, etc.) are used for turning out and prophylaxis of bronchial asthma attacks. Principe of combining is based on synergetic interaction of the drugs with different mechanism of action. For example, Solutan (alkaloids of Belladonna + Ephedrine + Sodium iodide, etc), aerosol of Berodual (Fenoterol + Ipratropium bromide), tablets of Theophedrinum (Theophylline + Ephedrine + extract of Belladonna), etc.

Antitussive and expectorant drugs.

Self-cleaning of mucosa of the respiratory ways from strange bodies is done by fastening of bronchial glands secretion, increasing of epithelium’s activity and bronchioles motility. Irritation of reflective zones, especially in region of trachea’s bifurcation, is accompanied by cough. Couch is a protective reaction, which promotes deleting of irritate agent from breathing ways. But during inflammation of the mucosa, secret becomes glutinous due to cumulated proteins, leukocytes and is hardly excreted. Drugs that depress cough (anti-cough, Antitussive) and drugs that better excretion of sputum (Expectorants) are used for weakening of cough.

Antitussive drugs are divided into 2 groups:
· drugs of central action (Codeine, Ethylmorphine, Glaucine);
· drugs of peripheral action (Prenoxdiazine (Libexin)).

Codeine and Ethylmorphine are the phenanthrene-derivative opiate agonists that have antitussive properties. They cause suppression of the cough reflex by a direct effect on the cough centre in the medulla of the brain. Also these agents have mild analgesic and sedative effects. Codeine and Ethylmorphine are well absorbed from the GI tract. Following oral administration, peak antitussive effects usually occur within 1-2 hours and antitussive activity may persist for 4 hours. High doses of Codeine and Ethylmorphine can cause depression of breathing centre, lowering of lung ventilation, and constipation. Prolonged therapy may results in addiction (dependence). Glaucine is an alkaloid of glaucium flavum. It depresses cough centre. But it doesn’t inhibit breathing, doesn’t cause drug addiction and constipation. It possesses adrenolytic effect and may lower AP, so it is not recommended during hypotonia. 

Libexin apparently inhibits cough production by anesthetizing stretch receptors of vagal afferent fibers in the bronchi, pharyngis, and trachea that mediate the cough reflex. 

Antitussives are used in the symptomatic relief of nonproductive cough during bronchitis, bronchial asthma, pneumonia, etc. Since the cough reflex may be a useful physiologic mechanism, which clears the respiratory passages of foreign material and excess secretions and may aid, in preventing or reversing atelectasis, cough suppressants should not be used indiscriminately.

According to the mechanism of action expectorants are divided into:
· drugs that stimulate the sputum expectoration (Secretomotor drugs)
· Mucolytic agents.
Expectorants have been used in the symptomatic management of conditions such as chronic bronchitis, bronchiectasis, and bronchial asthma that are associated with high sputum viscosity and hard expulsion of sputum.

Secretomotor drugs are subdivided into agents of reflective action and agents of resorptive action. It is postulated that expectorants of reflective action irritate the stomach mucosa. Because stomach mucosa as well as bronchi is innervated by nervus vagus, the irritation of stomach activates the centre of nervus vagus in medulla that results in hastening of bronchial gland secretion, stimulation of bronchial epithelium and bronchioles peristaltic. It is accompanied by diluting of sputum and mucus and their expelling by cough. Due to irritative properties, reflective expectorants in high doses may cause vomiting. Drugs of reflective action are administered primarily in form of infusions, decocts, tinctures, extracts, mixtures, some (e.g., Thermopsis) in form of tablets. For examples, infusion of Thermopsis grass, Althea roots, tablets Mucaltin (contains the extract of Althea root), etc. 

To drugs of resorptive action are concerned substances with Iodine, Ammonium chloride, Sodium bicarbonate, etc. After absorption those drugs are excreted by bronchial glands, stimulating secretion and motor function of epithelium and bronchioles. Finally, they decrease the viscosity of mucus and promote it expelling. Prolong iodine therapy may cause symptoms of iodism: rhinitis, salivation, lacrimation, rash. Hypersensitivity reactions to iodides may occur and may be manifested by angioedema, fever, arthralgia, and eosinophilia. 

Mucolytics act directly on glutinous secret. They reduce the viscosity of purulent and nonpurulent pulmonary secretions and facilitate their removal by coughing or postural drainage. Mucolytics are proteolytic enzymes (Trypsin, Chymotrypsin, Deoxyribonuclease), Acetylcysteine, Bromhexine, etc. Trypsin hydrolyzes peptides, amides. Deoxyribonuclease hydrolyzes phosphodiester bonds in DNA and proteins. Bromhexine depolymerizes and hydrolyzes fibers of mucopolysaccharides. Also bromhexine promotes the synthesis of surfactant (a surface-active agent that stabilize alveolar volume). Acetylcysteine reduces disulfide linkages of mucoproteins. Predominantly mucolytics are administrated in inhalation route, except bromhexine that is used orally. Mucolytics are used in the adjunctive treatment of patients with abnormal, viscid, or thick mucous secretions in such conditions as pneumonia, bronchitis, emphysema, tracheobronchitis, bronchiectasis, etc. In general mucolytics are combined with anti-microbe drugs, broncholytics.
Stimulators of the breathing (analeptics)

Stimulators of respiratory and cardio-vascular centers of medulla are used during depression of these centers. Because they restore life-important functions (breathing and blood circulation), they are called analeptics (animate substances). Most analeptics in higher doses may cause cramps. Analeptics are the antagonists of narcosis and soporific substances, alcohol, narcotic analgesics and cause “awakening” effect, which is characterized by smaller deepness and durability of narcosis and sleep, restoring of reflexes, muscular tonus and consciousness. Mechanism of analeptic's action is related with increased excitability of neurons. 

Analeptics are divided into 3 groups:

· agents of direct action on breathing centre (Bemegride, Strychnine, Caffeine).
· agents of reflective action (Lobeline, Cytisine (Cytiton)).
· agents with combined action (Nikethamide (Cordiaminum), Camphor, CO2).
Bemegride is used basically during poisoning by barbiturates and narcosis substances, for quick turning out from narcosis. It is injected slowly intravenously by 5-10 ml of 0,5 % solution every 3-5 minutes up to restoring of breathing, blood circulation and reflexes. Injecting has to be stopped on the first appearance of cramp contraction of muscles.

Caffeine is described in lecture “Psychostimulants”. Analeptic effect appears during injection of high doses that simulate centers of medulla. It causes expressed cardiotonic action. Caffeine is administered for the treatment of alcohol poisoning and during combine respiratory and cardiac insufficiency.

Strychnine is an alkaloid from strychnos. It stimulates all parts of the central nervous system, and was used as an antidote for depressant poisons. It caused the bettering of vision, hearing, tactile sensitiveness, muscular tonus, and metabolism. So, Strychnine causes general tone action and sometimes used for the treatment of chronic fatigue, hypotension, functional impairment of vision and hearing, etc. Strychnine blocks the inhibitory neurotransmitter, Glycine, and thus can cause convulsions. It is a potent chemical capable of producing acute or chronic poisoning of humans or animals.

Cytiton and Lobeline are the N-cholinomimetics. They stimulate respiratory centre in reflective way due to excitation of N-cholinoreceptors in the carotid sinus (carotid bulb). After intravenous injection of N-cholinomimetics one can see quick but short respiratory stimulation. They are used for the treatment of reflective respiratory depression during different traumas, inspiration of irritating substances and carbon monoxide. Cytiton raises the blood pressure, thus it is recommended for the shock, collapse.
Analeptics of combined action both directly and indirectly (through the carotid sinus) stimulate respiratory centre. Cordiaminum is a derivative of nicotinic acid. It stimulates breathing and blood circulation due to the stimulation of medulla centres. Also it directly stimulates heart activity. It is administered during weakening of breathing and blood circulation, caused by intoxication, infection disease, shock, etc.
Camphor is a ketone distilled from the tree of Cinnamonum camphora, and also prepared synthetically from oil of turpentine. Part of camphor is excreted through breathing ways that promotes expelling of the sputum. Locally agent causes irritate and antiseptic action. It directly stimulates centers of the medulla. Also camphor stimulates the contractility and metabolism of myocardium. Camphor increases blood pressure due to narrowing of the vessels in abdominal organs. In the same time it dilates vessels of the brain, lungs, and heart. It is used in form of oil solutions subcutaneously for the treatment of acute and chronic cardiac insufficiency, collapse, depression of the breathing centre, etc. Locally it is administered in form of ointments during inflammatory processes, itch, for prophylaxis of bedsores, etc. 

Carbonic dioxide (CO2) is a potent respiratory stimulant. Inspiration of 3 % CO2 increases the lung ventilation in 2 times. Carbonic dioxide can be used for inhalation separately or in combination with oxygen (Carbogen). Carbonic dioxide activates the cardio-vascular centre. In the same time it dilates the smooth muscles due to the direct action. Carbonic dioxide is used for the stimulation of respiratory during poisons by narcosis substances, Carbonic monoxide (CO), during asphyxia of newborns. In higher doses CO2 can cause hypercapnia, acidosis, and paralysis of breathing centre. 

Drugs, used during pulmonary edema 

Edema of lungs is accompanied by acute respiratory insufficiency, so it needs emergency therapy. Pulmonary edema can be an aggravation of left-ventricular cardiac insufficiency, poisoning by irritate gases, during uremia, anaphylactic shock, infections, craniofacial traumas, coma, etc. 

The most characteristically features of pulmonary edema are fear, cyanosis, bubbling respiratory with pink foamy sputum. The main danger of pulmonary edema is foaming of edema’s liquid in respiratory ways, which causes hypoxia. So, inhalation of antifoaming drugs, oxygen and also sucking of the foam are necessary. Antifoaming substances are Ethyl spirit and Antifoamsilane. They diminish the foam’s surface tension and transform foam into liquid, which volume considerably smaller. They are administered in form of inhalations with oxygen. Antifoamsilane doesn’t irritate breathing ways, doesn’t depress CNS and acts quicker than spirit.
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1- afferent fibers; 2- cholinergic fibers

Diagram 10.1 Main direction of agents that influence the respiratory organs

If pulmonary edema is associated with cardiac insufficiency, cardiac glycosides (Strophanthin, Corglyconum) are indicated. During edema that is associated with hypertension one can use ganglionblockers (Hygronium, Benzohexonium), α-adrenolytics (Phentolamine, Aminazinum), Myotropic vessel narrowing drugs (Sodium nitroprusside). Adrenomimetics (Phenylephrine, Ephedrine) are used in case of hypotension. In addition during pulmonary edema are indicated diuretics (Furosemide) that cause dehydration of lung parenchyma, glucocorticoids (Prednisolone) that possess antiedematous and antiinflammatory action, Narcotic analgesics (Morphine) that lower venous input to heart and blood-filling of lungs, depress short breathing and coughing, cause sedative action. 

Available forms:

Fenoterol – in aerosol 15 ml each

Terbutaline – in aerosol; in tablets 0,0025 each; in ampoules 0,05 % solution 1 ml each

Ephedrine – powder; in tablets 0,000025 each; in ampoules 5 % solution 
1 ml each

Ipratropium bromide – in aerosol 15 ml each

Euphyllin – in tablets 0,015 each; in ampoules 24 % solution 1 ml each (for intramuscular injection) and 2,4 % solution 10 ml each (for intravenous injection) 

Ketotifen – in capsules and tablets 0,001 each

Beclomethasone dipropionate – in aerosol

Glaucine hydrochloride – in tablets 0,05 each

Libexin – in tablets 0,1 each

Mucaltin – in patented tablets

Acetylcysteine – in ampoules 20 % solution 5 ml or 10 ml each (for inhalation) and 10 % solution 2 ml each (for i.m. injection)


Camphor – in ampoules 20 % oil solution 2 ml each

Cordiaminum – in ampoules 2 ml each

Bemegride – in ampoules 0,5 % solution 10 ml each

Cytiton – in ampoules 1 ml each

Lecture 46. 
DRUGS INFLUENCING THE CONTRACTILE 



ACTIVITY OF UTERUS

They are divided on:

· substances, strengthening rhythmic contractions of uterus (Oxytocin, Desaminooxytocin, Pituitrinum, Dinoprost, Dinoprostone, Pachycarpinum, and Proserinum);

· substances, lowering tonus of uterine cervix (Atropine sulfate, Dinoprost, Dinoprostone, Promedolum);

· substances, increasing tonus of myometrium (Ergot alkaloids, Cotarnine, Oxytocin, and Pituitrinum);

· substances, weakening uterus contractions (Fenoterol, Magnesium sulfate).
Drugs, strengthening rhythmic contractions of uterus are indicated during weakness of labor activity, for normalization of uterus involution in postpartum period, during hypotonic uterus bleeding.
Oxytocin is a hormone secreted by the neurons of the hypothalamus and stored in the posterior pituitary in mammals. Commercially available Oxytocin preparations are prepared synthetically. Oxytocin stimulates contraction of uterine smooth muscle by increasing the sodium permeability of uterine myofibrils. High estrogen concentrations lower the threshold for uterine response to Oxytocin. Uterine response to Oxytocin increases with the duration of pregnancy. In the term uterus, Oxytocin increases the amplitude and frequency of uterine contractions, which in turn tend to decrease cervical activity producing dilation and effacement of the cervix and to transiently impede uterine blood flow. Oxytocin elicit milk ejection in lactating women. Also it produces vasodilation of vascular smooth muscle, increasing renal, coronary, and cerebral blood flow.

In pharmacologic doses, oxytocin can be used for induction and augmentation of labor. It can also be used for control of postpartum uterine hemorrhage. Oxytocin is administered intravenously or intramuscularly. It circulating half-life is 5 minutes. Contraindications include fetal distress, prematurity, abnormal fetal presentation, cephalopelvic disproportion, and other predispositions for uterine rupture. Desaminooxytocin is a synthetic analog of oxytocin. It acts longer than parental agent and used subglossal.
Pituitrinum and are the extracts of bovine pituitary gland. They contain two posterior pituitary hormones: vasopressin and oxytocin. Pituitrine possess the activity of oxytocin, which is described beyond, and vasopressin that cause vasoconstriction and hypertension. These agents have the same indications as Oxytocin.

Prostaglandins are the class of physiologically active substances present in many tissues, with effects such as vasodilation, vasoconstriction, stimulation of intestinal or bronchial smooth muscle, uterine stimulation, and antagonism to hormones influencing lipid metabolism. Prostaglandins as well as leukotrienes and thromboxanes are synthesized from arachidonic acid via a cascade pathway. Prostaglandin F2α (Dinoprost) and Prostaglandin E2 (Dinoprostone) possess expressed influence on contractility of myometrium. 

Dinoprostone stimulates uterine and GI smooth muscle. Although it is believed that the drug exerts its uterine effects via direct myometrial stimulation, the exact mode of this and other actions has not been fully elucidated. Dinoprostone increases the amplitude and frequency of uterine contractions throughout pregnancy, but uterine response to the drug increases with the duration of pregnancy. In early pregnancy, the uterus is more responsive to Dinoprostone than to oxytocin. Dinoprostone-induced uterine contractions are usually sufficient to cause evacuation of both the fetus and the placenta. The drug also produces cervical dilation and softening. Dinoprostone causes stimulation of the circular smooth muscle of the GI tract, causes bronchodilation, and increases permeability of the vessels. Large doses of Dinoprostone may cause vasodilation and hypotension. 

Dinoprostone is widely distributed in the mother and is rapidly metabolized in the maternal lungs, kidneys, and other tissues. 

Dinoprostone is used intravenously to induce abortion during the second trimester of pregnancy (beyond the 12th week of gestation) and to improve cervical inducibility (cervical "ripening") near or at term in pregnant women for labor induction. Adverse GI effects (e.g., diarrhea), phlebitis, fever are the most frequent adverse reactions of Dinoprostone. Since Dinoprostone, like Dinoprost, is metabolized rapidly, discontinuing administration of the drug and supportive therapy are usually adequate treatments for serious adverse effects. 

Dinoprost is similar in structure, action and uses to Dinoprostone. It is administered intravenously, vaginally, and as intra-amniotic injection. Dinoprost, unlike Dinoprostone, causes bronchospasm. That’s why it is not recommended during bronchial asthma.

Pachycarpinum hydroiodide is a ganglionblocking agent. It increases the tonus and force of the uterus contractions. Agent lowers blood pressure, so it can be administered during labor in patients with hypertonia. It is used intramuscularly, subcutaneously and orally. Pachycarpinum is indicated for the weakness of labor. Anti-cholinesterase substances (Proserinum) and β-adrenoblockers (Propranolol) also stimulate activity of the uterus.

M-cholinolytic (Atropine sulfate), prostaglandins (Dinoprost, Dinoprostone), and narcotic analgesic (Promedolum) are used for the relaxation and softening the cervix of uterus, and bettering of labor current.

Drugs, increasing tonus of myometrium are used basically during atonic uterine hemorrhages and for fastening of uterine involution in postpartum period. Mechanism of bleeding stop is related with stable increasing of uterus tonus and pressing due to it of small vessels in myometrium.
Ergot alkaloids are produced by Claviceps purpurea, a fungus that infects grain rye under damp growing or storage conditions. Ergot alkaloids are the derivatives of lysergic acid. The main alkaloids are Ergotamine and Ergometrine. Their effects include agonist, partial agonist, and antagonist actions at α-adrenoreceptors and serotonin receptors. Ergotamine and related compounds constrict most human blood vessels in a predictable, prolonged, and potent manner. In the same time, they blockade the response of α-receptors to other agonists including noradrenaline. Dihydro derivatives of ergot alkaloids have much more selective α-receptor-blocking actions and they cause vasodilation. 

Ergot alkaloids possess stimulant action on the uterus. The uterus at term is more sensitive to Ergot than earlier in pregnancy and far more sensitive than the nonpregnant organ. These drugs induce powerful and prolonged tonic contraction of the uterus. Ergometrine is more selective than other ergot alkaloids in affecting the uterus and is the agent of choice in obstetric applications of these drugs. Ergometrine can be administrated enterally and parenterally. The onset of action is 10-15 minutes after ingestion and lasts a few hours. Certain of the naturally occurring alkaloids are powerful hallucinogens. Lysergic acid diethylamide (LSD, "acid") is the Ergot compound that most clearly demonstrates this action.

Even moderate Ergot doses produce a prolonged and powerful spasm of the muscle quite unlike natural labor. Their use at that time to accelerate delivery caused an asphyxia and fetus death. Therefore, ergot derivatives are useful only for control of late uterine bleeding and should never be given before delivery. 

In medical practice are used: Galen’s (extract of thick ergot), neo-Galen’s drugs (Ergotal) and pure alkaloids (Ergometrine maleate, Methylergometrine, Ergotamine hydrotartrate). Ergotamine is used for the treatment of migraine. Favorable effect of Ergotamine is related with weakening of cerebral vessel’s pulsation and lowering of irritation of the cerebral cover’s receptors.

Ergot alkaloids are contraindicated during angina pectoris, atherosclerosis, and spasm of peripheral vessels. They are excreted in breast milk, so they are not to be used during feeding.

The accidental ingestion of ergot alkaloids in contaminated grain as well as overdosing ergot agents causes Ergot poisoning (ergotism). The most dramatic effects of poisoning are hallucinations and convulsions, prolonged vasospasm and damage of endothelium that may result in gangrene, and stimulation of uterine smooth muscle, which in pregnancy may result in abortion. 

Cotarnine chloride also increases tonus of uterus and administered orally and parenterally during uterus bleeding. 

Expressed action during atonic uterus bleeding is exhibited by Oxytocin, Pituitrinum and prostaglandins that are discussed beyond.

During atonic uterus bleeding some plant drugs are used in form of extracts, decoctions and tinctures: tincture of Barberries, Water paper, etc.

Drugs, weakening contractile activity of myometrium are used, basically, for stopping of premature labor and weakening of labor activity during fastened labor, for preventing of labor ways traumas. For those purposes β2-adrenomimetics (Fenoterol), Magnesium sulfate, substances for narcosis are used.

Fenoterol (Partusisten) is a β2-adrenomimetic. It causes tocolytic (uterine relax) action. Also it leads to bronchodilation. Agent is effective drug for prevention of premature labor and doesn’t cause negative action on fetus. It is administered intravenously by drops and orally in tablets. It may cause tachycardia, muscular weakness, tremor, and hypotension. It is contraindicated during cardiac defects, arrhythmia, thyrotoxicosis, and glaucoma. 

Magnesium sulfate during parenteral administration decreases uterus contractions. It acts as calcium antagonist. Also agent possesses sedative, hypotensive effects. In higher doses – soporific, anticonvulsive, and narcosis effects are occur.  

Substances for narcosis (Nitrogen oxide, Ftorotan, Sodium oxybutyrate, etc.) and tranquilizers (Diazepam) as well as Progesterone, Tocopherol (Vitamin E) inhibit contractile activity of uterus. 

Available forms:

Oxytocin – in ampoules 1 ml and 2 ml that contain 5 IU and 10 IU
Dinoprostone – in tablets 0,0005 each; in ampoules 5 ml each

Ergometrine maleate – in tablets 0,0002 each; in ampoules 0,02 % solution 1 ml each

Fenoterol (Partusisten) – in tablets 0,005 each; in ampoules 0,005 % solution 10 ml
Lecture 47. 
Basic actions and medications used in 



intoxications and EMERGENCY states

Poisonings may be caused by any kind of chemical compounds or liquids for technical used adopted in technique, agriculture and household. Medicines may cause poisonings too. All poisonings are divided into professional, household and medical ones. We are going to overview the first aid in cases of medical poisonings. But they are effective in other cases too.

Most frequent medical poisons are sleeping pills, analgesics, neuroleptics, antiseptics, cardiac glycosides, anti-cholinesterase agents etc. The pattern and severity of poisoning depends on its agent action. Thus, anti-cholinesterase agents poisoning (caused by phosphoorganic compounds) is characterized by cholinergic system enhanced symptoms. Alcohol, sleeping pills and drug intoxications are characterized by deep CNS depression. 

Organism conditions and the way of poison entrance (oral, inhalation, skin, and mucous coat absorption) determine the severity of symptoms as well as the way of first aid. Children and elderly people are extremely sensitive to poisons and demonstrate the cases of the most severe poisonings. Environmental factors like temperature, humidity and atmospheric pressure influence the poison activity too.

There are general and specific first aid means. They are designed to achieve the following results:
p. prevention of further poisons absorption;
q. chemical neutralizing of the absorbed poison or its elimination with a specific antidote;
r. enhanced poisons extraction;
s. normalizing of organisms function by symptomatic therapy.
The sooner you begin the first aid, the more chances of success you have. Each case may need the adjustment of therapeutic pattern depending on the type and severity of poisoning. Thus, abrupt respiratory depression claims urgent restoring of the gas exchange system functions.
In the treatment of poisonings an important place is engaged by antidote. Antidote is an agent that neutralizes a poison or counteracts its effects. There are a few types of antidotes. Chemical antidote is a substance that unites with a poison to form an innocuous chemical compound (Unithiol, chelating compounds). Mechanical antidote is a substance that prevents the absorption of a poison (activated carbon). Physiologic antidote is an agent that produces systemic effects contrary to those of a given poison.

Prevention of poisons absorption. The pattern of these actions depends on the way the poison entrance into the organism. Inhalation poisonings (caused by carbon monoxide, nitric oxide, insecticides aerosols, petroleum evaporations) claim immediate removal of patient from the danger zone. Poisons should be removed or washed away from skin and mucous coats. Oral intake of poisons is managed by stomach rinsing (lavage). The early it is done, the more effective it is. Repeated rinsing help in cases of poisoning with hard-soluble powders and tablets that stay in stomach for a couple of hours.
Inactivation and binding of the poison in the stomach should be performed simultaneously to rinsing. Potassium permanganate, tannin, activated carbon, egg whites and milk are used for these purposes.

Potassium permanganate causes the oxidation of organic poisons. However it is unable to react with inorganic compounds. Its water solution ratio is from 1:5000 to 1:10000. It should be removed from stomach right after the rinsing due to its irritating properties.

Activated carbon (Charcoal) is a universal adsorbent. Water suspension, containing 20-30 g of activated carbon, is to be poured into the stomach. After the interaction with poison the suspension should be quickly evacuated with the help of laxatives due to possible release of poison.

Tannin sediments various poisons especially alkaloids. 0.5 % solution of tannin is usually used. Removal of the suspension due to possible poison release is necessary also.

Eggs white form insoluble complex with poisons. Milk acts in the same way but it is contradicted in case of poisonings by fat-soluble agents.

Vomiting agents may be used in cases of impossibility of the gastric rinsing. Apomorphine hydrochloride (0.5-1 ml of 0.5-1 % injected subcutaneously) is used most frequently. It is contradicted in case of patients unconsciousness.

Salt laxatives (Sodium and Magnesium sulfate) are used for poison removal from intestines. Sodium sulfate is better then Magnesium sulfate, because the latter causes CNS depression.

Chemical neutralization of the absorbed poison and usage of specific antidotes. There are certain compounds capable for neutralization of poison toxicity by chemical binding or functional antagonism. They act by chemical or functional interaction with poisons. Unithiol, Sodium thiosulfate, Complexons, Methemoglobin-formers and Demethemoglobin-formers are the examples of chemical concurrence interaction.

Unithiol (Dimercaprol) can bind metal ions, metalloids and cardiac glycosides molecules due to it two SH groups, which can donate electrons for coordination with the poison. Such bonding effectively prevents interaction of the metal with similar functional groups of enzymes, coenzymes, cellular nucleophils, and membranes. Usually this medicine is used in cases of poisonings by arsenic, mercury and gold. It is less effective against bismuth, cobalt, cooper, zinc, nickel, polonium and cardiac glycosides. Complex of Unithiol and poison is excreted by kidneys. Given intramuscularly, Unithiol is readily absorbed, metabolized, and excreted by the kidney in complex with poison within 4-8 hours. Adverse effects include hypertension, tachycardia, vomiting, salivation, fever (particularly in children), and pain at the injection site.

Sodium thiosulfate is an antidote in arsenic, mercury, lead, and cyanide poisoning. Sodium thiosulfate forms with metals nontoxic sulfites and with cyanides less toxic substances. Its 30 % solution is injected intravenously.

Complexons make chelate compounds with most of metal ions and radioactive isotopes. These substances have low toxicity and are being extracted by kidneys. Tetacine-calcium (EDTA, Edetate calcium disodium), the Calcium chelate of edetate (Ethylenediaminetetraacetate) disodium, is a chelating agent (complexon). The calcium in calcium EDTA can be displaced by divalent and trivalent metals, particularly lead, to form stable soluble complexes which can then be excreted in urine. Administration of calcium EDTA chelates greatly increases the urinary excretion of zinc, cadmium, manganese, iron, and copper. The manufacturer recommends that calcium EDTA injection be diluted with 0.9 % sodium chloride or 5 % glucose injection for intravenous administration. Calcium EDTA is used for the reduction of blood and mobile depot lead in the treatment of acute and chronic lead poisoning and lead encephalopathy. Agent may also be beneficial in the treatment of poisoning from other heavy metals such as chromium, manganese, nickel, zinc, and possibly vanadium. The principal and most serious toxic effect of calcium EDTA is renal tubular necrosis, which tends to occur when the daily dose is excessive and may result in fatal nephrosis.

Penicillamine is a monothiol-chelating agent, which is a degradation product of penicillins. Penicillamine chelates copper, iron, mercury, and lead to form stable soluble complexes, which are readily excreted by the kidneys. Copper is chelated by the combination of 2 molecules of penicillamine with 1 atom of the metal. Penicillamine is readily absorbed from the GI tract. Penicillamine is used to promote excretion of copper in the treatment of Wilson's disease (hepatolenticular degeneration). Also it is used in the treatment of the active stage of rheumatoid arthritis. The mechanism of action of Penicillamine in the treatment of rheumatoid arthritis is not known but may be related to inhibition of collagen formation. Adverse reactions include allergic reactions, nausea, leukopenia, and proteinuria.

Deferoxamine chelates iron by binding ferric ions to its molecule. Deferoxamine-iron complex is formed in many tissues, but mainly in plasma; this complex is stable, water soluble, and readily excreted by the kidneys. Deferoxamine appears to have a specific affinity for iron; this affinity is greater than that of other chelating agents for iron. Deferoxamine is used in the treatment of acute iron intoxication as well as chronic iron overload.

Demethemoglobin-formers are the substances capable of converting methemoglobin to hemoglobin. They are Methylene blue (as a Chromosmone medicine) and Cystamine. Methylene blue reduces methemoglobin to hemoglobin. It is administered to patients who have been exposed to methemoglobin-forming compounds (e.g., aniline, nitrites, local anesthetics, sulfanilamides) and whose methemoglobin levels exceed 20 to 30 %. However, in higher doses Methylene blue promotes methemoglobin forming that can be used for the treatment of cyanide poisoning. 

Physiologic antidote as it is mentioned above is an agent that produces systemic effects contrary to those of a given poison. Antidotes can concurrent with poison for the same substrate e.g., receptor, enzyme (functional antagonism). For example phosphoorganic substances inactivate an enzyme acetylcholinesterase that leads to exceed accumulation of acetylcholine. Cholinesterase reactivators (Dipyroxime (Trimedoxime bromide), Isonitrosin) bind with phosphoorganic substances and release acetylcholinesterase. Choline-blockers (Atropine) remove cholinomimetics (Muscarine, Pilocarpine) on M-cholinoreceptors; thus Atropine is useful during muscarine poisoning. The same concerns histamine and anti-histamine substances, adrenoblockers and adrenomimetics, Morphine and Nalorphine.

Enhanced poison extraction. That is achieved by organisms purifying. Large amounts of liquid and diuretics are to be taken (forced diuresis). It causes the dilution of poison in tissues and decreases its concentration while osmotic diuretics and furosemide enhances its renal excretion. Drinks are given to conscious patients; unconscious ones receive 5 % glucose solution or isotonic sodium chloride solution intravenously. This method is effective only when kidneys are still capable of excretion. Alkaline diuresis may aid in increasing renal clearance and reducing the elimination half-life of Salicylates and Phenobarbital (acids), because the reabsorption of acids at alkaline pH is lower. And on the contrary, alcohol and amphetamine (alkaline compounds) are better excreted with acidic urine that can be achieved by using of Ammonium chloride.

Extracorporeal techniques include hemodialysis, hemoperfusion, etc that are used for different kinds of poisonings.

During the procedure hemodialysis of soluble substances and water from the blood by diffusion through a semipermeable membrane is appearing. The separation of cellular elements and colloids from soluble substances is achieved by pore size in the membrane and rates of diffusion. Hemodialysis is especially effective in case of kidney insufficiency (Sublimate poisonings). It promotes the evacuation of poisons with small molecular weight.

Hemoperfusion is a method of detoxication. It consists of blood passage through columns of adsorptive material, such as Activated charcoal (Carbon), to remove toxic substances from the blood. It is active against poisons, diluted in blood. Hemoperfusion is useful for intoxication with a drug known to be metabolized to a more toxic one and a drug known to produce delayed toxicity.

Peritoneal dialysis is a removal from the body of soluble substances and water by transfer across the peritoneum, utilizing a dialysis solution which is intermittently introduced into and removed from the peritoneal cavity. Transfer of diffusible solutes and water between the blood and the peritoneal cavity depends on the concentration gradient between the two fluid compartments. Acute peritoneal dialysis is used principally to treat patients with acute renal failure.

Supportive care (symptomatic therapy). Morbidity and mortality following an overdose are reduced by intensive appropriate symptomatic supportive therapy, which includes restoring of vital functions (cardiac status, airway, and mental status). 

Respiratory depression claims endotracheal intubation, bronchial cleaning and artificial lung ventilation. Respiratory centre depression is managed by analeptics (camphor, bemegride). Respiratory depression caused by morphine is can be treated by naloxone or nalorphine. Pulmonary edema is treated with complex therapy according to blood pressure rate. Spirit and Antifoamsilane inhalations are performed to manage the foam; glucocorticoids, diuretics and ganglionblockers are given depending on the indications. Bronchospasm can be managed by broncholytics (adrenomimetics, choline-blockers, Euphylline, etc). Hypoxia is managed by oxygen inhalation and special apparatus for respiration and blood circulation support.

Cardiac insufficiency claims glycosides with a quick onset of action (Strophanthin, Corglyconum); antiarrhythmics are used in cases of arrhythmia.

Vascular tonus and blood pressure are decreased during most of poisonings. Hypotonia causes tissue nutrition disorders, hypoxia, and poison retention. Hypotonia is managed with adrenomimetics (e.g., Dopamine, Ephedrine, Adrenaline, Mesatonum (Phenylephrine) and Noradrenaline). Hypertension (poisoning by vasoconstrictors) is the indication for the using of Clophelinum, Magnesium sulfate, Phentolamine, Benzohexonium, Furosemide, etc.

Cholinomimetics and CNS agitators often cause cramps. They are managed with narcosis agents, tranquilizers (Diazepam), barbiturates (Thiopental), muscle relaxants, and Magnesium sulfate. 

Allergic reactions and especially anaphylactic shock first aid is urgent injections of adrenomimetics (Adrenaline), glucocorticoids (Prednisolone), anti-histamines (Dimedrolum), broncholytics (Euphyllin), and cardiac glycosides (Strophanthin). 

Coma is the symptom of severe poisonings. It is prefer for the poisoning by CNS depressants. Treatment is designed to support vital functions. Analeptic use should be extremely cautious in these cases. Pain syndrome claims narcotic analgesics, which can inhibit the respiratory centre on the other hand.

The support of acid-base balance and liquid-salt balance are extremely important in cases of poisonings therapy. Acidifying and alkalinizing agents, salt solutions are discussed in lecture “Blood substitutes”.

Thus, first aid means depend on the kind of poisoning and patients state. 

Available forms:

Potassium permanganate - in bottles 0,01 %; 0,1 % solution 
Carbo activated – in tablets 0,25 or 0,5 each

Unithiol – in ampoules 5 % solution 5 ml each

Tetacine-calcium – in ampoules 10 % solution 20 ml each

Penicillamine – in capsules 0,15 each

Chromosmon (Methylthioninium chloride) – in ampoules 10 ml and 
20 ml each

Ephedrine – in ampoules 5 % solution 1 ml each

Euphyllin – in ampoules 24 % solution 1 ml each (for intramuscular injection) and 2,4 % solution 10 ml each (for intravenous injection) 

Cortisone – in bottles 2,5 % suspension 10 ml each

Benzohexonium – in ampoules 2,5 % solution 1 ml each


Camphor – in ampoules 20 % oil solution 2 ml each

Bemegride – in ampoules 0,5 % solution 10 ml each

Furosemide – in ampoules 1 % solution 2 ml each

Diazepam – in ampoules 0,5 % solution 2 ml each
Examination questions
54. A 36-year-old woman with severe erosive esophagi-tis is prescribed Pantoprazole. One of the most common adverse side effects of such therapy is which of the following?

(A)
Vomiting

(B)
Constipation

(C)
Headache

(D)
Heartburn

(E)
Paresthesias

55. While taking a NSAID for arthritis, a 65-year-old man developed a gastric ulcer. He was prescribed ranitidine for 8 weeks. This drug binds a receptor located where?

(A)
Nucleus

(B)
Nucleolus

(C)
Cytoplasm

(D)
Cell membrane

(E)
Cell wall

56. A 20-year-old woman goes to the emergency department, stating that within the past hour she ingested "a handful of sleeping pills." She is still awake. Which of the following drugs can be given to induce vomiting?

(A)
Metoclopramide

(B)
Ipecac

(C)
Morphine

(D)
Promethazine

(E)
Ondansetron

57. A 17-year-old boy with a history of sulfa allergy is diagnosed with left-side ulcerative colitis after a 3- week history of bloody diarrhea and tenesmus. On examination he is afebrile and has no abdominal tenderness. The appropriate drug therapy to institute initially is which of the following?

(A)
Metronidazole

(B)
Sulfasalazine

(C)
Mesalamine

(D)
Cyclosporine

(E)
Prednisone

58. Gastric acid secretion is stimulated by the presence of

(A)
Gastrin and acetylcholine

(B)
Histamine and motilin

(C)
Norepinephrine and gastrin

(D)
Norepinephrine and histamine

(E)
Acetylcholine and pepsin
59. Which one of the following β-adrenoceptor agonists has such a slow onset of action that it is not indicated for the relief of acute asthma symptoms?

(A)
Salmeterol

(B)
Albuterol

(C)
Epinephrine

(D)
Terbutaline

(E)
Isoproterenol

60. The standard treatment regimen for asthma is best described by which of the following?

(A)
Theophylline and exercise

(B)
Inhaled β2-adrenoceptor agonists only

(C)
Inhaled corticosteroids only

(D)
A combination of inhaled bronchodilators and inhaled corticosteroids

(E)
Oral corticosteroids

61. Symptoms typically produced by inhaled β-adrenoceptor agonists include which of the following?

(A)
Tachycardia, dizziness, and nervousness

(B)
Dysphonia, candidiasis, and sore throat

(C)
Dyspepsia and Churg-Strauss syndrome

(D)
Nausea, agitation, and convulsions

(E)
Muscle tremor, tachycardia, and palpitations
62. Which of the following is the drug of choice for inducing labor?

(A)
Oxytocin

(B)
Misoprostol

(C)
Methyl ergonovine

(D)
Dinoprostone

(E)
Carboprost tromethamine

63. Adverse reactions to the prostaglandin analogue carboprost tromethamine include all of the following EXCEPT

(A)
Diarrhea

(B)
Fever

(C)
Water intoxication

(D)
Nausea

(E)
Dyspnea

64. All of the following are properties of magnesium sulfate that may be related to its ability to relax uterine smooth muscle EXCEPT

(A)
Uncoupling excitation-contraction in myometrial cells through inhibition of cellular action potentials

(B)
Decreasing calcium uptake by competing for binding sites

(C)
Activating adenylate cyclase

(D)
Stimulating calcium-dependent ATPase

(E)
Antagonizing prostaglandin action

65. Which of the following is a special concern for the use of indomethacin for inducing labor (tocolysis)?

(A)
Fetal cardiac arrest

(B)
Fetal gastrointestinal bleeding

(C)
Fetal hematuria

(D)
Closure of the fetal ductus arteriosis

(E)
Fetal muscular paralysis
Answers
54. C. The most commonly reported side effects for all of the proton pump inhibitors are headache, diarrhea, and abdominal pain. Heartburn is improved by these agents. Vomiting, constipation, and paresthesias are not typical side effects of proton pump inhibitors.

55. D. Ranitidine is an H2-receptor antagonist. H2- receptors are found in the cell membrane of parietal cells, not in the nucleus, nucleolus, or cytoplasm. Mammalian cells do not have cell walls.

56. B. Two medicines, ipecac and apomorphine, induce vomiting. Metoclopramide is a prokinetic with antiemetic properties and therefore would have the opposite of the desired effect. Morphine is an opi- oid with analgesic and sedating properties. Promethazine and ondansetron are also antiemetics, not emetics.

57. C. The information provided suggests the patient has mild to moderate disease. Initial therapy should be a 5-ASA containing product, which includes sulfasalazine and mesalamine. However, the patient has a sulfa allergy, precluding the use of sulfasalazine. Metronidazole is useful in the treatment of some patients with Crohn's disease. Cyclosporine has been used in patients with fulminant ulcerative colitis. Prednisone may have to be added to this patient's therapy, but only if he fails to respond to the mesalamine. It should not be used initially.

58. A. Gastrin, histamine, and acetylcholine stimulate gastric acid secretion. Pepsin is a digestive protein secreted by the stomach in response to a meal. Norepinephrine is a neurotransmitter that does not affect gastric acid secretion.

59. A. The other agents have rapid onset and are appropriate for acute symptomatic relief of asthma.

60. D. In all asthma treatment regimens, inhaled β2- adrenoceptor agonists are used as bronchodilators as needed to relieve acute symptoms. As asthma is an inflammatory disease of the airway, inhaled corticosteroids are also used as standard therapy to control symptoms in all but the mildest cases. The potential for dangerous side effects and drug interactions has relegated theophylline, once a mainstay of asthma treatment, to add-on therapy for hard to control symptoms. Inhaled β2-adrenoceptor agonists or inhaled corticosteroids are not typically used as monotherapy, although the former class of agent can be used alone for patients with very mild symptoms. Because of extensive systemic side effects, oral corticosteroids are not typically used to treat asthma except when symptoms cannot be controlled by standard therapy.

61. A. Tachycardia, dizziness, and nervousness are often produced by larger doses of inhaled β-agonists. Dysphonia, candidiasis, and sore throat are associated with the use of inhaled corticosteroids. The emergence of Churg-Strauss syndrome, though uncommon, is associated with the use of oral leukotriene modulators. Theophylline produces a range of side effects, including nausea, agitation, and life-threatening convulsions. Muscle tremor and palpitations are frequently observed with oral (3-adrenoceptor agonists but rarely occur when these agents are administered via inhalation.

62. A. Oxytocin is considered the drug of choice for inducing labor. All other methods of labor induction are compared to oxytocin to establish their efficacy. Data demonstrate that oxytocin is highly effective in inducing, establishing, and augmenting labor. Oxytocin is not as effective for labor induction when a woman has a cervix that is not favorable for labor. Another agent, such as misoprostol or dinoprostone, may be better for women with unfavorable cervices. Both misoprostol and dinoprostone are prostaglandin analogues. They cause changes in the substance of the cervix and uterine contraction. Although all agents used for labor induction carry the risk of uterine hyperstimulation, prostaglandins are more likely to cause hyperstimulation in women with favorable cervices. Furthermore, the current formulations of prostaglandins do not allow for tight control of blood levels and rapid clearance of medication if hyperstimulation occurs. Methyl ergonovine is an a-agonist that causes direct smooth muscle contraction. Carboprost tromethamine is a methylated analogue of prostaglandin F2a It is highly potent in causing prolonged uterine contraction. Both medications are used for the control of uterine bleeding after delivery by causing tetanic uterine contractions. These medications are contraindicated for labor induction in women with live fetuses. Both medications can be used in facilitating medical abortions.

63. C. Carboprost tromethamine is methylated at the 15 position. This methylation causes the analogue to be 10 to 15 times more potent then the natural prostaglandin. Smooth muscles that are especially sensitive to prostaglandin F2aare uterine, gastrointestinal, and bronchial. The uterine sensitivity allows for the therapeutic efficacy. The gastrointestinal sensitivity causes the diarrhea and nausea. Prostaglandins are involved in the pyretic response, and thus a side effect of their use may be fever. Oxytocin has antidiuretic hormone qualities, and with prolonged use may cause water intoxication.

64. E. Magnesium has no known effect on prostaglandins. The mechanism of action by which magnesium sulfate causes smooth muscle contraction is complex and poorly understood. Magnesium sulfate uncouples excitation-contraction in myometrial cells through inhibition of cellular action potentials. Furthermore, magnesium sulfate decreases calcium uptake by competing for binding sites, activating adenylate cyclase (reducing intracellular calcium), and stimulating calcium-dependent ATPase, which promotes calcium uptake by sarcoplasmic reticulum.

65. D. Indomethacin is a potent prostaglandin synthesis inhibitor. Patency of the ductus arteriosis depends on the formation of prostaglandins. Closure of the ductus arteriosis can lead to fetal heart failure and death. Also, fetal closure can lead to neonatal pulmonary hypertension. Neonatologists use indomethacin for the treatment of neonatal patent ductus arteriosis, thus often obviating neonatal heart surgery. Prostaglandin synthesis inhibitors are associated with bleeding. Although bleeding is well documented in children and adults, the use of indomethacin has not been shown to cause hematuria or gastrointestinal bleeding in the fetus. There is some evidence, however, that maternal use of indomethacin may increase the risk of neonatal intra- ventricular hemorrhage. Neither muscular paralysis nor cardiac arrest has been demonstrated in the fetus with maternal use of indomethacin.
Appendix A
Main international Abbreviations in pharmacology
A

aa 

of each

ABG 

arterial blood gas

ac 

before meals

ADH 

antidiuretic hormone

ADL 

activities of daily living

ad lib 

as much as desired

ADT 

alternate-day therapy

ALT 

alanine aminotransferase

AMA 
against medical advice

AMI 

acute myocardial infarction

AODM 
adult-onset diabetes
mellitus

ARC 

AIDS-related complex

ASAP 
as soon as possible

ASHD 
arteriosclerotic heart

disease

AST 

aspartate aminotransferase

B

BE 

barium enema; base excess

bid 

twice a day

BMR 

basal metabolic rate

B&O 

belladonna and opium

BP 

blood pressure

BRP 

bathroom privileges

BUN 

blood urea nitrogen

C
Ca 

cancer; calcium

C&A 

clinitest and acetest

CAD 

coronary artery disease

caps 

capsules

CBC 

complete blood count

CC 

chief complaint

CCU 

Coronary Care Unit

CHF 

congestive heart failure

CHO 

carbohydrate

chol 

cholesterol
CLL 

chronic lymphocytic
leukemia

CNS 

central nervous system

C/O 

complains of

COPD 
chronic obstructive
pulmonary disease

CPK 

creatine phosphokinase

CRF 

chronic renal failure

C&S 

culture and sensitivity

CTZ 

chemoreceptor trigger zone

CVA 

cerebrovascular accident

CVP 

central venous pressure

D

/d 

per day

d 

daily

DC (D/C) 
discontinue

DJD 

degenerative joint disease

DM 

diabetes mellitus

DOE 

dyspnea on exertion

DT 

delirium tremens

Dx 

diagnosis

E

ER 

emergency room

ESR 

erythrocyte sedimentation 
rate (sed rate)

et 

and

F
F 

Fahrenheit

FBS

fasting blood sugar

fl 

fluid

fx 

fracture; fraction

G

g 

gram

GI 

gastrointestinal

gtt 

drop

GU 

genitourinary

H
H 

hour

HA 

headache

Hct 

hematocrit

Hgb 

hemoglobin

hs 

hour of sleep

HNT 

hypertension

I

ICU 

intensive care unit

IM 

intramuscular
I&O 

intake and output

IOP 

intraocular pressure

IPPB 

intermittent positive
pressure breathing

IU 

international units

IV 

intravenous

J

JRA 

juvenile rheumatoid arthritis

K
K 

potassium

KVO 

keep vein open

L

LDH 

lactic dehydrogenase

LDL

low-density lipoproteins

LOC

level of consciousness

LP

lumbar puncture

lytes

electrolytes

M

mcg 

microgram

MI 

myocardial infarction 
(heart attack)

mL 

milliliter
MOM 
milk of magnesia

MS 

morphine sulfate; multiple 
sclerosis; mitral stenosis

N
N

normal

NG 

nasogastric

NPO 

nothing by mouth

NS 

normal saline

NGT 

nitroglycerin

NVD 

nausea, vomiting, diarrhea; neck vein distension

O
O2

oxygen

OD 

right eye

OOB 

out of bed

OU 

both eyes

OTC 

over the counter

(nonprescription)

OS 

left eye

P
PAT 

paroxysmal atrial

tachycardia

PBI

protein-bound iodine

PC 

after meals

PERRLA 
pupils equal, round, react to light and accommodation

PERL 
pupils equal and react to light

PID 

pelvic inflammatory disease

PKU 

phenylketonuria

PND 

paroxysmal nocturnal 
dyspnea

PO 

by mouth

postop 
after surgery

preop 

before surgery

prn 

as needed

PT 

prothrombin time

PZI 

protamine zinc insulin

Q

qd 

every day

qh 

every hour (q2h, q3h, etc. – 
every 2 hours, every 3 
hours, etc.)

qid 

four times a day

qod 

every other day

R

RA 

rheumatoid arthritis; right 
atrium

RBC 

red blood cell

REM 

rapid eye movement

RF 

rheumatoid factor

RHD 

rheumatic heart disease; 

renal hypertensive disease

ROM 

range of motion

S

SC 

subcutaneous

sed 

rate erythrocyte 



sedimentation rate (ESR)

SGOT 
serum glutamic oxaloacetic 

transaminase

SGPT 
serum glutamic pyruvic 


transaminase

SL 

sublingual

SOB 

shortness of breath

SR 

sedimentation rate (ESR)

STAT 
as soon as possible

T

t 

temperature

T3 

triiodothyronine

T4 

thyroxine

TB 

tuberculosis

TEDS 
elastic stockings

TIA 

transient ischemic attack

tid 

three times a day

TKO 

to keep open
TLC 

tender living care

TM 

tympanic membrane

TPN 

total parenteral nutrition

TPR 

temperature, pulse, 


respiration

TSH 

thyroidstimulating 


hormone

U

UGI 

upper gastrointestinal

ung 

ointment

URI 

upper respiratory infection

UTI 

urinary tract infection

V

VS 

vital signs

W

WNL 

within normal limits

Wt 

weight

Appendix B
Examples of Combination Drugs
ANTACID COMBINATIONS
Acid-X – calcium carbonate, acetaminophen

Advanced Formula Di-Gel – magnesium hydroxide, calcium carbonate, simethicone, sucrose

Alamag Plus – aluminum hydroxide, magnesium hydroxide, simethicone, parabens, sorbitol, saccharin

Alamag Suspension – aluminum hydroxide, magnesium hydroxide, sorbitol, sucrose, parabens

Alenic Alka – aluminum hydroxide, magnesium trisilicate, sodium bicarbonate, calcium stearate, sugar

Almacone – aluminum hydroxide, magnesium hydroxide, simethicone

Bromo-Seltzer Effervescent Granules – sodium bicarbonate, acetaminophen, citric acid, sugar

Calcium Rich Rolaids – magnesium hydroxide, calcium carbonate

Citrocarbonate Effervescent Granules – sodium bicarbonate, sodium citrate anhydrous

Di-Gel Liquid – aluminum hydroxide, simethicone, saccharin sorbitol, parabens

Extra Strength Maalox Suspension – aluminum hydroxide magnesium hydroxide, simethicone, parabens sorbitol, saccharin

Gas-Ban – simethicone, calcium carbonate

Gas-Ban DS Liquid – aluminum hydroxide, magnesium hydroxide, simethicone

Gaviscon Extra Strength Reliever Formula Liquid – aluminum hydroxide, magnesium carbonate, parabens EDTA, saccharin, sorbitol, simethicone, sodium alginate

Gaviscon Liquid – magnesium carbonate, parabens EDTA, saccharin, sorbitol, sodium alginate

Gelusil – aluminum hydroxide, magnesium hydroxide simethicone, dextrose, saccharin, sorbitol, sugar

Lowslum Plus Liquid – magaldrate, simethicone

Maalox – aluminum, magnesium hydroxide

Maalox Plus – aluminum hydroxide, magnesium hydroxide, simethicone, sugar

Maalox Suspension – aluminum hydroxide, magnesium hydroxide, saccharin, sorbitol, parabens

Marblen – magnesium carbonate, calcium carbonate

Marblen Liquid – calcium carbonate, magnesium carbonate

Mintox – aluminum, magnesium hydroxide

Mintox Plus – aluminum hydroxide, magnesium hydroxide, simethicone, saccharin, sorbitol, sugar

Mintox Suspension – aluminum hydroxide, magnesium hydroxide, parabens, sorbitol, saccharin

Mylagen Liquid – simethicone, parabens, sorbitol sucrose

Mylanta – aluminum hydroxide, magnesium hydroxide simethicone, sorbitol

Mylanta Gelcaps – calcium carbonate, magnesium carbonate parabens

Mylanta Liquid – simethicone, sorbitol

Nephrox Liquid – aluminum hydroxide, mineral oil

Original Alka-Seltzer Effervescent Tablets – sodium bicarbonate, aspirin, citric acid, phenylalanine

Riopan Plus – magaldrate, simethicone, sorbitol, sucrose

Riopan Plus Suspension – magaldrate, simethicone, saccharin sorbitol

Rulox # 2 – aluminum, magnesium hydroxide, simethicone

Rulox Plus – aluminum hydroxide, magnesium hydroxide simethicone, sugar, saccharin, dextrose

Rulox Suspension – aluminum hydroxide, magnesium hydroxide, parabens, sorbitol, saccharin

Simaal Gel 2 Liquid – aluminum hydroxide, magnesium hydroxide, simethicone

Tempo – aluminum hydroxide, magnesium hydroxide calcium carbonate, simethicone, sorbitol, corn syrup

ANTIASTHMATIC COMBINATIONS
Bronchial Capsules – theophylline, guaifenesin

Brondelate Elixir – theophylline, oxtriphylline, guaifenesin

Dilor-G Tablets – dyphylline, guaifenesin

Dyflex-G Tablets – dyphylline, guaifenesin

Glyceryl-T Liquid – theophylline, guaifenesin

Hydrophed Tablets – theophylline, hydroxyzine ephedrine sulfate

Lufyllin-EPG Tablets – dyphylline, ephedrine HCl guaifenesin, phenobarbitol

Marax Tablets – theophylline, hydroxyzine, ephedrine sulfate

Mundrane GG Tablets – theophylline, guaifenesin aminophylline anhydrous, ephedrine HCl phenobarbital

Primatene Dual Action Tablets – theophylline ephedrine, guaifenesin

Primatene Tablets – theophylline, phenobarbital ephedrine HCl

Quadrinal Tablets – theophylline, theophylline calcium salicylate, ephedrine HCl, potassium iodide, phenobarbital

Quibron Capsules – theophylline, guaifenesin

Slo-Phyllin GG Capsules – theophylline, guaifenesin

Slo-Phyllin GG Syrup – theophylline, guaifenesin

Tedrigen Tablets – theophylline, Phenobarbital ephedrine HCl

Theodrine Tablets – theophylline, ephedrine HCl

Theolate Liquid – theophylline, guaifenesin

ANTIDIARRHEAL COMBINATIONS
Diasorb – activated attapulgite, sorbitol

Donnagel – attapulgite, saccharin

Kaodene Non-Narcotic – kaolin, pectin, bismuth subsalicylate sucrose

Kaolin w/ Pectin – kaolin, pectin

Kaopectate Maximum Strength – attapulgite, sucrose

Kapectolin – kaolin, pectin

K-C – kaolin, pectin, bismuth subcarbonate, peppermint flavor

ANTIHISTAMINE AND ANALGESIC COMBINATIONS
Aceta-Gesic Tablets – phenyltoloxamine citrate, acetaminophen

Coricidin HBP Cold and Flu Tablets – chlorpheniramine maleate, acetaminophen

Ed-Flex Capsules – phenyltoloxamine citrate, acetaminophen salicylamide

Major-Gesic Tablets – phenyltoloxamine citrate, acetaminophen

Percogesic – phenyltoloxamine citrate, acetaminophen

Percogesic Extra Strength Tablets – diphenhydramine HCl, acetaminophen

Phenylgesic Tablets – phenyltoloxamine citrate, acetaminophen

Tylenol PM Extra Strength Tablets – diphenhydramine HCl, acetaminophen

Tylenol Severe Allergy Tablets – diphenhydramine HCl acetaminophen

ANTIHYPERTENSIVE COMBINATIONS
Aldoclor – chlorothiazide, methyldopa

Aldoril – hydrochlorothiazide, methyldopa

Apresazide – hydrochlorothiazide, hydralazine

Avalide – hydrochlorothiazide, irbesartan

Capozide – hydrochlorothiazide, captopril

Chloroserpine – chlorothiazide, reserpine

Combipres – clonidine, chlorthalidone

Corzide – bendroflumethiazide, nadolol

Demi-Regroton Tablets – chlorthalidone, reserpine

Diovan HCT – hydrochlorothiazide, valsartan

Diutensen-R Tablets – methyclothiazide, reserpine

Enduronyl – methyclothiazide, desperidine

Esimil – hydrochlorothiazide, guanethidine monosulfate

Hydrap-ES – hydrochlorothiazide, reserpine, hydralazine HCl

Hydropres-50 – hydrochlorothiazide, reserpine

Hydro-Serp – hydrochlorothiazide, reserpine

Hydroserpine #1 Tablets – hydrochlorothiazide, reserpine

Hydroserpine #2 Tablets – hydrochlorothiazide, reserpine

Hyzaar – hydrochlorothiazide, losartan potassium

Inderide – hydrochlorothiazide, propranolol HCl

Inderide LA – hydrochlorothiazide, propranolol HCl

Lexxel Extended-Release – enalapril maleate, felodipine

Lopressor – hydrochlorothiazide, metoprolol

Lotensin HCT – hydrochlorothiazide, benazepril

Lotrel – amlodopine, benazepril

Marpres – hydrochlorothiazide, reserpine, hydralazine HCl

Metatensin Tablets – trichlormethiazide, reserpine

Minizide – polythiazide, prazosin

Prinzide – hydrochlorothiazide, lisinopril

Rauzide Tablets – rauwolfia, bendroflumethiazide

Regroton – chlorthalidone, reserpine

Salutensin Tablets – hydroflumethiazide, reserpine

Salutensin-Demi – hydrochlorothiazide, reserpine

Ser-Ap-Es – hydrochlorothiazide, reserpine, hydralazine

HCl

Tarka – trandolapril, verapamil

Teczem Extended-Release – diltiazem maleate, enalapril

maleate

Tenoretic – chlorthalidone, atenolol

Timolide – hydrochlorothiazide, timolol maleate

Tri-Hydroserpine – hydrochlorothiazide, reserpine hydralazine HCl

Uniretic – hydrochlorothiazide, moexipril HCl

Vaseretic – hydrochlorothiazide, enalapril maleate

Zestoretic – hydrochlorothiazide, lisinopril

Ziac – hydrochlorothiazide, bisoprolol fumarate

ANTITUSSIVE COMBINATIONS
Alka-Seltzer Plus Cold and Flu Liqui-Gels – dextromethorphan HBr, pseudoephedrine HCl, acetaminophen

Bromatane DX – dextromethorphan HBr, brompheniramine maleate, pseudoephedrine HCl

Cardec DM – dextromethorphan HBr, carbinoxamine maleate, pseudoephedrine HCl

Coricidin HBP Cough & Cold Tablets – dextromethorphan HBr, chlorpheniramine, acetaminophen

Dimetane-DX Cough – dextromethorphan HBr brompheniramine maleate, pseudoephedrine HCl

Hycodan Tablets or Syrup – hydrocodone bitartrate homatropine MBr

Hydromide Syrup – hydrocodone bitartrate, homatropine MBr

Nucofed Capsules – codeine phosphate, pseudoephedrine HCl

Promethazaine HCl/w Codeine Cough Syrup – codeine phosphate, promethazine HCl

Quad Tann Tablets – carbetapentane tannate, chlorpheniramine tannate, phenylephrine tannate ephedrine tannate

Robitussin Maximun Strength – dextromethorphan HBr, pseudoephedrine HCl

Rynatuss Tablets – carbetapentane tannate, chlorpheniramine tannate, phenylephrine tannate, ephedrine tannate

Sudafed Non-Drowsy Severe Cold Formula Maximum Strength Tablets – dextromethorphan HBr, pseudoephedrine HCl, acetaminophen

Tannic-12 Tablets – carbetapentane tannate, chlorpheniramine tannate

Tricodeine Cough & Cold Liquid – codeine phosphate pyrilamine maleate

Trionate Tablets – carbetapentane tannate, chlorpheniramine

tannate

Tussafed Syrup – dextromethorphan HBr, carbinoxamine maleate, pseudoephedrine HCl

Tussend Tablets – hydrocodone bitartrate, chlorpheniramine pseudoephedrine HCl

Vanex HD Liquid – hydrocodone bitartrate, chlorpheniramine phenylephrine HCl

DECONGESTANT AND EXPECTORANT COMBINATIONS
Allegra-D Tablets – pseudoephedrine HCl, fexofenadine HCl

Allerfrim Syrup – pseudoephedrine HCl, triprolidine HCl

Aprodine Tablets – pseudoephedrine HCl, triprolidine HCl

Benadryl Allergy & Sinus Tablets – pseudoephedrine HCl, diphenhydramine citrate, diphenhydramine HCl

Bromfed Capsules – pseudoephedrine HCl, brompheniramine maleate

Bromfed Syrup – pseudoephedrine HCl, brompheniramine maleate

Claritin D – pseudoephedrine HCl, loratadine

Deconamine Syrup – pseudoephedrine HCl, chlorpheniramine maleate

Dynex Tablets – pseudoephedrine, guaifenesin

Ed A Hist Tablets – phenylephrine HCl, chlorpheniramine maleate

Genac Tablets – pseudoephedrine HCl, triprolidine HCl

Guaifed Capsules – pseudoephedrine, guaifenesin

Guiatuss PE Liquid – pseudoephedrine, guaifenesin

Histade Capsules – pseudoephedrine HCl chlorpheniramine maleate

Histatab Plus Tablets – phenylephrine HCl, chlorpheniramine maleate

Histex Liquid – pseudoephedrine HCl, chlorpheniramine maleate

Lodrane Liquid – pseudoephedrine HCl, brompheniramine maleate

Phenergan VC Syrup – phenylephrine HCl, promethazine

Profen II Tablets – pseudoephedrine, guaifenesin

Pseudovent Capsules – pseudoephedrine, guaifenesin

Respahist Capsules – pseudoephedrine HCl, brompheniramine maleate

Respaire-60 SR Capsules – pseudoephedrine, guaifenesin

Rinade B.I.D. Capsules – pseudoephedrine HCl, chlorpheniramine maleate

Robafen PE Liquid – pseudoephedrine, guaifenesin

Robitussin Cold Sinus and Congestion – pseudoephedrine guaifenesin, acetaminophen

Robitussin PE Liquid – pseudoephedrine, guaifenesin

Rondec Tablets – pseudoephedrine HCl, carbinoxamine maleate

Ryna Liquid – pseudoephedrine HCl, chlorpheniramine maleate

Rynatan Tablets – phenylephrine tannate, chlorpheniramine tannate

Severe Congestion Tussin Softgels – pseudoephedrine guaifenesin

Sinutab Nondrying Liquid Caps – pseudoephedrine guaifenesin

Sudafed Cold and Allergy Maximum Strength – pseudoephedrine HCl, chlorpheniramine maleate

Tanafed Suspension – pseudoephedrine, chlorpheniramine tannate

Versacaps Capsules – pseudoephedrine, guaifenesin

DECONGESTANT, ANTIHISTAMINE, AND ANALGESIC COMBINATIONS
Alka-Seltzer Plus Cold Medicine – phenylephrine HCl chlorpheniramine maleate, acetaminophen

Decodult Tablets – pseudoephedrine HCl, chlorpheniramine maleate, acetaminophen

Kolephrin Tablets – pseudoephedrine HCl, chlorpheniramine maleate, acetaminophen

Simplet Tablets – pseudoephedrine HCl, chlorpheniramine acetaminophen

Sinutab Sinus Allergy, Maximum Strength – pseudoephedrine HCl, chlorpheniramine maleate, acetaminophen

Tavist Allergy/Sinus/Headache Tablets – pseudoephedrine HCl, clemastine fumarate, acetaminophen

TheraFlu Flu and Cold Medicine Original Formula Powder – pseudoephedrine HCl, chlorpheniramine maleate, acetaminophen

Triaminic Cold, Allergy, Sinus Medicine – pseudoephedrine HCl, chlorpheniramine maleate, acetaminophen

Tylenol Sinus NightTime Maximum Strength Tablets – pseudoephedrine HCl, diphenhydramine HCl, acetaminophen

DECONGESTANT, ANTIHISTAMINE, AND ANTICHOLINERGIC COMBINATIONS
AH-Chew Tablets – phenylephrine HCl, chlorpheniramine maleate, methscopolamine nitrate

D.A. Chewable Tablets – phenylephrine HCl, chlorpheniramine maleate, methscopolamine nitrate

Dallergy Syrup or Tablets – phenylephrine HCl, chlorpheniramine maleate, methscopolamine nitrate

Dehistine Syrup – phenylephrine HCl, chlorpheniramine maleate, methscopolamine nitrate

Extendryl Syrup – phenylephrine HCl, chlorpheniramine maleate, methscopolamine nitrate

Pannaz Tablets or Syrup – phenylephrine HCl, chlorpheniramine maleate, methscopolamine nitrate

Rescon-MX Tablets – phenylephrine HCl, chlorpheniramine maleate, methscopolamine nitrate

DIURETIC COMBINATIONS
Aldactazide – spironolactone, hydrochlorothiazide

Amiloride/hydrochlorothiazide – generic

Dyazide – triamterene, hydrochlorothiazide

Maxzide – triamterene, hydrochlorothiazide

Maxzide-25MG – triamterene, hydrochlorothiazide

Modiuretic – amiloride, hydrochlorothiazide

Spironolactone/hydrochlorothiazide – generic

Triamterene/hydrochlorothiazide – generic

ESTROGEN AND PROGESTIN COMBINATIONS
Activella – estradiol, norethindrone acetate

CombiPatch – estradiol, norethindrone

Femhrt – ethinyl estradiol, norethindrone acetate

Ortho-Prefest – estradiol, norgestimate

Premephase – conjugated estrogens, medroxyprogesterone acetate

Prempro – conjugated estrogens, medroxyprogesterone acetate

ESTROGEN AND ANDROGEN COMBINATIONS, ORAL AND PARENTERAL
Depo-Testadiol – estradiol cypionate, testosterone cypionate

Depotestogen – estradiol cypionate, testosterone cypionate

Duo-Cyp – estradiol cypionate, testosterone cypionate

Estratest – esterified estrogens, methyltestosterone

Estratest H.S. – esterified estrogens, methyltestosterone

Valertest No. 1 – estradiol valerate, testosterone enanthate

GLAUCOMA COMBINATIONS
E-Pilo – pilocarpine, epinephrine

E-Pilo-2 – pilocarpine, epinephrine

E-Pilo-4 – pilocarpine, epinephrine

P6E1 – pilocarpine, epinephrine

GASTROINTESTINAL ANTICHOLINERGIC COMBINATIONS
Antrocol Elixir – atropine sulfate, phenobarbital, alcohol

Barbidonna – atropine, scopolamine HBr, hyoscyamine sulfate, phenobarbital

Bellacane Elixir – atropine, scopolamine HBr, hyoscyamine

Bellacane SR Tablets – l-alkaloids of belladonna, phenobarbital ergotamine tartrate

Bellergal-S Tablets – l-alkaloids of belladonna, phenobarbital ergotamine tartrate

Butibel Elixir – belladonna extract, butabarbital sodium, alcohol, sucrose, saccharin

Butibel Tablets – belladonna extract, butabarbitol

Chardonna-2 Tablets – belladonna extract, phenobarbital

Donnatal Elixir – atropine, scopolamine HBr, hyoscyamine HBr or sulfate, phenobarbital, alcohol, sucrose, saccharin

Donnatal Capsules and Tablets – atropine, scopolamine HBr, hyoscyamine sulfate, phenobarbital

Folergot-DF Tablets – 1-alkaloids of belladonna, phenobarbital, ergotamine tartrate

Hyosophen Tablets – atropine, scopolamine HBr hyoscyamine sulfate, phenobarbital

Librax Capsules – clindinium, chlordiazepoxide HCl

Phenerbel-S Tablets – l-alkaloids of belladonna, phenobarbital ergotamine tartrate

Spasmolin Tablets – atropine, scopolamine HBr hyoscyamine sulfate, phenobarbital

ISONIAZID COMBINATIONS
Rifamate – rifampin, isoniazid

Rifater – rifampin, isoniazid, pyrazinamide

LAXATIVE COMBINATIONS
DDS 100 Plus Capsules – docusate, casanthranol

Doxidan Capsules – docusate, casanthranol, sorbitol

Nature’s Remedy – cascara sagrada, aloe, lactose

Peri-Colace – docusate, casanthranol, sorbitol, parabens

Senokot-S tablets – docusate, senna concentrate, lactose

Ophthalmic Decongestant and Antihistamine Combinations

Naphcon-A Solution – naphazoline HCl, pheniramine maleate

Vasocon-A Solution – naphazoline HCl, antazoline phosphate

Ophthalmic Antibiotic Combinations

AK-Poly-Bac Ophthalmic Ointment – polymyxin B sulfate bacitracin zinc

AK-Spore – polymyxin B Sulfate, neomycin, bacitracin zinc

Neosporin Ophthalmic Ointment – polymyxin B sulfate neomycin, bacitracin zinc

Polysporin Ophthalmic Ointment – polymyxin B sulfate bacitracin zinc

Polytrim Ophthalmic Solution – polymyxin B sulfate trimethoprim sulfate

PERIPHERAL VASODILATOR COMBINATIONS
Lipo-Nicin – niacin, niacinamide, vitamins C, B1, B2, B6

SEDATIVE AND HYPNOTIC COMBINATIONS
Tuinal – amobarbital, secobarbital
SKELETAL MUSCLE RELAXANT COMBINATIONS
Carisoprodol Compound – carisoprodol, aspirin

Flexaphen – chlorzoxazone, acetaminophen

Lobac – salicylamide, phenyltoloxamine, acetaminophen

Norgesic Forte – orphenadrine citrate, aspirin, caffeine

Norgesic – orphenadrine citrate, aspirin, caffeine

Robaxisal – methocarbamol, aspirin

Sodol Compound – carisoprodol, aspirin

Soma Compound – carisoprodol, aspirin
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