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" Pharmacology of antibiotics. Sulfanilamide drugs. Antimicrobials of different chemical structure." 

1. Actuality of theme. Rationale for the topic.

Antimicrobial, antiparasitic agents – are drugs with disastrous effects on the pathogens that are used to prevent and treat infectious diseases. Due to introduction of antiseptics, disinfectants, chemotherapeutics at the end of XIX – the first half of the twentieth century it became possible significantly reduce mortality from infectious diseases such as cholera, typhoid fever, etc. Due to antimicrobial agents mankind overcame the first "wave of death" – infectious diseases, especially in childhood. However, due to irrational appointments of chemotherapeutic agents it is noticed an increasing of drug resistance of microbes, the development of non – specific sensitization, increasing the frequency of superinfection. Therefore, knowledge about the features of different groups of chemotherapeutic agents, rational rules of chemotherapy are a necessary condition for the successful treatment of infectious diseases. Also it becomes important to treat viral diseases such as HIV/AIDS, influenza and others. Till now malaria, tuberculosis remain widespread. In order to successfully deal with these various illnesses are a prerequisite knowledge of the respective groups of antimicrobial agents.


2. Objectives of the lecture (purpose): 
· training
• Know: pharmacology of antibiotics, sulfanilamide drugs, antimicrobials of different chemical structure.
• Be able to: justify the choice and prescribe antibiotics, sulfanilamides, antimicrobials of different chemical structure in various dosage forms, solve test problems, situational and pharmacotherapeutic problems.
·  educational 

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

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

	І.
	Preparatory stage
	
	
	

	1.
	Defining a learning goal
	
	
	5%

	2.
	Providing positive motivation.
	
	
	

	ІІ.
	The main stage
	
	
	

	3.
	Presentation of lecture material according to the plan:
1. Antibiotics

2. Penicillins
3. Cephalosporins
     4. Macrolides and azalides
5. Aminoglycosides
6. Polymixins b and e
7. Tetracyclines
8. Levomycetine
9. Sulfonamides. Antimicrobial drugs of different chemical structure


	
	Combined, methodical developments, presentation, multimedia projector
	90%

	ІІІ.
	The final stage
	
	
	

	
	Resume. Conclusions.
	
	
	5%

	
	Answer the question.
	
	
	

	
	Tasks for self-preparation.
	
	
	


4. Contents of lecture material:
" Pharmacology of antibiotics. Sulfanilamide drugs. Antimicrobials of different chemical structure."
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.
CLASSIFICATION OF ANTIMICROBIAL, ANTIPARASITOGENIC AGENTS
♦ Disinfectant and antiseptic 
♦ Chemotherapeutic: 
• antibiotics • sulfonamides • of different chemical structure (derivative of nitrofurane, 8-oxyquinoline, imidazole, quinoxaline, naftiridine, fluorquinolones) • by special indications: antituberculous, antisyphilitic, antiprotozoal, antimycotic, antihelminthic, antiviral, anticancer
CLASSIFICATION OF DISINFECTANT AND ANTISEPTIC DRUGS
•Halogen-containing compounds: preparations of chlorine (chloramine, chlorhexidine, pantocide and etc.) and iodine (alcohol solution of iodine, Lugol’s iodine solution, iodinol, polividone-iodine and etc.) 
• Oxidants: hydrogen peroxide, potassium permanganate, sodium hypochlorite (amukin) 
• Acids and alkalines: salicylic acid, ammonia solution, benzoilperoxide, etc. 
• Phenoles: resorcin, polycresulen (vagotil), etc. 
• Tars, resins, mineral oils, petroleum processing products: birch tar, ichthammol, naphthalene petroleum, medical ozokerite, vinisol, citral, sulsen, etc. 
• Aldehydes and alcohols: formaldehyde, cidipol, hexamethilenetetramine (urotropin), ethanol 
• Compounds of metals: silver nitrate, protargol, copper sulfate, zinc oxide, zinc sulfate, etc. 
• Dyes: diamond green, ethacridine lactate, methylene dark blue 
• Detergents and soaps: cerigel, roccal, ethonium, decametoxine, miramistin, green and potassium soap, etc. 
• Different chemical groups derivatives: nitrofurane (furacilin), thyosemicarbazone (pharingosept), etc. 
• Drugs of natural origin: garden sage, calendula, camomile, novoimanine, chlorofillipt, ectericide, lisozyme, etc.
CLASSIFICATION OF CHEMOTHERAPEUTIC DRUGS
♦Antibiotics 
♦ Sulfonamides 
♦ Different chemical structure — derivatives of: • naphthiridin. Quinolones (nalidixic acid, etc.). Fluoroquinolones (ciprofloxacin, etc.) •imidazole (metronidazol, tinidazol) • 8-oxyquinoline (chlorquinaldol, nitroxoline, etc.) • nitrofurane (furasolidone, furadonine and etc.) • quinoxaline (dioxidin, quinoxidin) 
♦ By special indications: • antituberculosis • antisyphilytic • antiprotozoal • antimycotic • antihelmintic • antiviral • antitumoural
GENERAL PRINCIPLES OF CHEMOTHERAPY
• Rational choice of a drug (depending on the sensitivity of disease agent, concomitant diseases, anamnesis, etc.) 
• Early beginning of treatment 
• Way of introduction (depending on localization, severity of a pathological process, concomitant diseases) 
• Choice of a dose for creation of therapeutic concentration (depending on weight, age, sex, concomitant pathology, etc.) 
• Interval of introduction (depending on the pharmacokinetic properties of preparation) 
• Duration of treatment (“train” principle — continuation of treatment up to clinical and bacteriological recovery) 
• Combined treatment 
• Rise of immunological reactivity of an organism (probiotics, vitaminic drugs, immunomodulators)
ANTIBIOTICS
The substances of mainly biological origin (biosynthetic), their half-synthetic and synthetic analogs, causing damaging or destroying effect on the microorganisms which are sensitive to them 
By origin 
• Mould fungi — penicillins, cephalosporins, etc. 
• Radiant fungi — streptomycin, levomicetin (chloramphnicol), tetracycline 
• Bacteria — gramicidin 
• Synthetic analogs and derivatives of natural antibiotics
CLASSIFICATION OF ANTIBIOTICS
♦ Beta-lactam — beta-lactam ring (penicillins, cephalosporins, carbepenemes, monobactams) 
♦ Macrolides — lactonic ring (erythromycin) and azalides (azithromycin) 
♦ Tetracyclines — 4 rings (tetracycline, doxycycline, etc.) 
♦ Aminoglycosides — containing aminosugars (streptomycin, gentamicin, etc.) 
♦ Lincosamides (lincomycin, etc.) 
♦ Derivatives of dioxyaminophenilpropan — (levomycetin) 
♦ Polymixins — cyclic polypeptids (polymixin B) 
♦ Polyenes (amphotericin B, nystatin, etc.) and others
By antimicrobial spectrum
♦ With the primary action on Gr+ microflora: • beta-lactam antibiotics (penicillins, cephalosporins, beta-lactam-like) • macrolides and azalides • by special indications (rifampicins, lincosamines, etc.) 
♦ With the primary action on Gr- microflora: • aminoglycosides • polymixins ± Affecting Gr + and Gr- microflora: • tetracyclines • levomycetin 
♦Affecting Gr + and Gr- microflora and applied externally 
♦ Antimycotic (polyenes, etc.) 
♦ Antitumoral
ADVERSE EFFECTS OF ANTIBIOTIC THERAPY
♦ Development of polyresistance in microorganisms (biological, specific, secondary, persistent, cross) 
♦ Development of allergic reactions (immediate type — betalactam, etc.; delayed type) 
♦ Direct organotoxic effects (neuro-, hepato-, myelo-, nephrotoxicity, gastrointestinal disturbances, etc.) 
♦ Development of exacerbation reaction (endotoxic) 
♦ Development of superinfection (candidomycosis, staphylococcosis, hypovitaminosis) 
♦ Mutagenic, teratogenic, embryo- and fetotoxic action
GENERAL DEMANDS AND CRITERIA OF ANTIBIOTICS DISTINCTION
Resistance to microorganisms, mutated during the process of antibacterial drugs application • Range of antibacterial action spectrum • The minimal toxicity for macroorganism • Prolongation of action • Acid stability • If necessary — penetration through the blood brain barrier
CLASSIFICATION OF PENICILLINS
• Biosynthetic: short action — benzylpenicillin sodium and potassium salts, phenoxymethylpenicillin; depo-preparations — benzathine benzylpenicillin (extencillin), bicillin-1), bicillin-5 • Semi-synthetic: izoxazolilpenicillins — oxacillin, cloxacillin, flucloxacillin, aminopenicillins — ampicillin, amoxicillin, antipyocyanic — carboxypenicillins (carbenicillin, ticarcillin) and ureidopenicillins (azlocillin, piperacillin), combined and inhibitor-protected — ampiox, helicocide (amoxicillin + metronidazol), amoxiclav (amoxicillin + clavulanate), ampicillin + sulbactam, ticarcillin+ clavulanate, piperacillin + tazobactam, etc.
PHARMACOKINETICS OF PENICILLINS
• Absorption: parenterally and per oral (on an empty stomach or in an hour after the meal!); bioavailability 30–50% • Binding with proteins: different (biosynthetic — about 80%, oxacillin — 90%, ampicillin — 20%) • Distribution: high concentration in the liver, lungs, kidneys, reproductive organs, lower in tissues of the eyes, prostate gland, CNS, penetrate well to the mucous membranes, badly to the bone tissue • Time of therapeutic concentration (ThC) is different: benzypenicillin — 3–4 hrs, depo preparations — up to 2–4 weeks, semi-synthetic — 6–8 hrs • Biotransformation: in the liver practically does not metabolize, except for oxacillin, etc. • Excretion: excrete mainly by the kidneys, and also by the liver, saliva, breast milk
♦ Aminopenicillins: more broad spectrum (+ escherichia, shigellae, salmonellae, protea, Helicobacter), but are not stable to beta-lactamase. All of them are acid stable! 
♦ Oxacillin, cloxacillin: the same spectrum like in natural ones, but stability to beta-lactamases (antistaphylococcal). All are acid stable! Resistance! 
♦ Carboxy- and ureidopenicillins: majority of enterobacteria and Pseudomonas aeruginosa, but are less active to the Gr+ flora. Are not stable to beta-lactamase. All of them are not acid stable! 
♦ Combined: spreading of the spectrum (+ klebsiella, proteus, bacteroidi) due to combination with inhibitors of penicillinase — clavulanic acid, sulbactam
CHEMOTHERAPEUTIC SPECTRUM OF PENICILLINS
Purulent infections • Pneumonia • Rheumatism (rheumatic fever) • Bacterial meningitis • Gonorrhoea • Spirochetoses (Syphilis) • Actinomycoses • Anthrax • Diphtheria • Gas gangrene • Pseudomonal infection, etc.
ADVERSE EFFECT OF PENICILLINS
♦Allergic reactions (immediate! and delaed type). Cross allergic reaction with cephalosporins! 
♦ Endotoxic reaction (reaction of exacerbation) — benzylpenicillin at syphilis 
♦ Superinfection
 ♦ Neurotoxicity (high doses) 
♦ Local-irritating action (phlebites, infiltrates, dyspepsia)
CLASSIFICATION OF CEPHALOSPORINS
♦ I generation: cephaloridine, cefazoline (cephzol), cephalotin; acid stable — cephalexin, cephradin 
♦ II generation: cefoxitin, cephamandol, cephprosil; acid stable — cefuroxim, cephaclor
♦ III generation: cefotaxime (claforan), cephtriaxone, cephtizoxim, cephtasedim, etc.; acid stable — cefixim, cephtibuten
 ♦ IV generation: cefepime, cefpirom
PHARMACOKINETICS OF CEPHALOSPORINS
Introduction: parenteral and oral (depending of the type) Bioavailability: 50–90%, does not depend on the meal Binding with proteins: 20–90% (depends on generations) ThC in blood: for the I generation — 3–4 hrs, for the II generation — 6–8 hrs, III and IV generations — 8–12 hrs Distribution: in many tissues, organs (except for the prostate gland) and secretes (including the intraocular liquid). The III and IV generations get to the tissues better (especially to the CNS, the bone) Biotransformation: mainly do not metabolize, except for cephalothin and cefotaxime (deacetylated in the liver, kidneys) Excretion: by kidneys and liver
CHARACTERISTICS OF SOME GROUPS OF CEPHALOSPORINS
♦I generation — Gr+ cocci (except for enterococci), some Grbacteria. They are not resistant to beta-lactamases and do not penetrate through BBB 
♦ II generation — like in the previous generation, but activity to the Gr- flora is more expressed (+ Escherechia coli, hemophilic bacillus). Stable to cephalosporins of Gr- microorganisms. Only cefuroxime penetrates through BBB. 
♦ III generation — are more active to Gr- microflora than to Gr+ (+ enterobacteria), also blue pus bacillus (cefoperazone, ceftazedim). Are resistant to the beta-lactamases of Gr--bacteria and get to CNS 
♦ IV generation — broad spectrum (Gr+ and Gr– microflora, anaerobes, etc.). They are resistant to beta-lactamases and penetrate to CNS
CHEMOTHERAPEUTIC SPECTRUM OF CEPHALOSPORINS
♦ Infections caused by Gr+ microflora (I generation) and Gr– microflora (II–IV generation), osteojoint system, soft tissues, urogenital tracts, pneumonias, otites, etc. 
♦ Septicemia (III–IV generation) 
♦ Meningitis (III–IV generation) 
♦ Pseudomonal infection, etc.
ADVERSE EFFECTS OF CEPHALOSPORINS
• Allergic reactions of immediate and delayed type, including cross ones with penicillins! • Superinfection • Hepato- and nephrotoxicity • Haematological reactions (leukopenia, hypothrombopenia, etc.), especially III generation • Local irritating action (phlebites, infiltrates, dyspepsia)
MACROLIDES AND AZALIDES
♦ I generation: erythromycin, oleandomycin 
♦ II and III generations: roxythromycin, spiramycin, claritromycin, jozamycin; azalides — azithromycin 
Mechanism of action — bacteriostatic (in large concentrations bactericidal); disturbance of synthesis of bacterial cell protein by the way of binding with 50S-subunit of ribosomes and translocation process inhibition 
Antimicrobial spectrum — Gr+ microflora (staphylo-, pneumo-, streptococci), causative agents of whooping-cough and diphtherias, listeria, spirochetes, some mycobacteria, legionellae, chlamydia, mycoplasmas, ureaplasms, amoebae, anaerobes and large viruses
AMINOGLYCOSIDES
♦ I generation — streptomycin, monomycin, kanamycin, neomycin 
♦II and III generations — gentamicin, tobramycin, sisomycin, amicacin, framicetine, etc. Mechanism of action — bactericidal; irreversible inhibition of synthesis of bacterial cell’s protein — binding with 30S-subunit of ribosomes results in disturbance of amino acid inbuilding into proteins and formation of the nonfunctional protein 
Antimicrobial spectrum — mainly Gr- microflora: Escherechia, Clebsiellae, E. coli, causative agents of dysentery, brucellosis, tularemia, tuberculosis, plague, lepra. They have postantibiotic effect
POLYMIXINS B and E
Mechanism of action — bactericidal; disturb permeability of cellular wall and transport mechanisms, binding with the bacteria’s cell membrane 
Antimicrobial spectrum — Gr– microflora Pharmacokinetics — do not absorb into the GIT, with parenteral introduction badly penetrate the tissues, do not get to alive cells; excretion by kidneys Adverse effects — high nephro- and neurotoxicity (parestesia, dizziness, discoordination of movements), respiratory paralysis, etc. 
The usage — locally (the skin, mucosa, in the pleura, joint cavity, etc.)
TETRACYCLINES
• Biosynthetic — tetracycline, oxytetracycline 
• Semi-synthetic — metacycline, doxycycline (vibramycin) 
• Combined — oletetrine, ericycline 
Mechanism of action — bacteriostatic; disturbance of synthesis of bacterial cell’s protein — binding with 30S-subunit of ribosomeses results in disturbance of peptide chain; the formation of the chelate compounds with metals causes depression of the enzymic systems 
Antimicrobial spectrum — broad: Gr+ and Gr- microflora, causative agents of plague, cholera, dysenteries, brucellosis, tularemia, malarias, rickettsial infection, spirochetes, actinomycetes, some protozoa, etc.
LEVOMYCETINE (CHLORAMPHENICOL)
Mechanism of action — bacteriostatic; disturbance of bacterial cell’s protein synthesis — binding with 50S-subunit of ribosomes and the blockade of peptidyltransferase results in peptide chain disturbance 
Antimicrobial spectrum — broad: Gr+ and Gr- microflora, rickettsia, spirochetes, large viruses, bacteroids, etc. Resistance arises seldom 
The usage — with the threat of life and severe conditions at salmonellosis infections (typhoid fever), meningitis, sepsis, microflora resistance to other antibiotics Pharmacokinetics — is well absorbed, binding with proteins — 30%, well penetrates all the tissues, T1/2 — 6–8 hrs; biotransformation — conjugation and reduction; excretion by kidneys
ADVERSE EFFECT
• Myelotoxicity (leukopenia, agranulocytosis, reticulocytopenia, aplastic anaemia up to the lethal outcome!). Control of blood on every 2nd day! • “Grey baby syndrome” • Superinfection • Gastrointestinal disorders (glossitis, stomatitis, diarrhea, etc.) • Hepato- and nephrotoxicity • Reaction of exacerbation (with typhoid fever) • Allergic reactions • Neurotoxicity (ophthalmic nerve neuritis)
SULFONAMIDES. ANTIMICROBIAL DRUGS OF DIFFERENT CHEMICAL STRUCTURE
♦Well absorbed in GIT and have resorptive action: • short — streptocide, ethazole, norsulfazole, sulfadimezine • long — sulfapyridazine, sulfadimethoxin • ultra long — sulfalen 
♦ Badly absorbed in GIT: phthalazole 
♦ Combined: • with salicylic acid — salazopyridazine, etc. • with trimethoprim — co-trimoxazole (bactrim, biseptol), sulfaton, lidaprim, etc. 
♦ For the local application — streptocide, sulphacyl-sodium and other sodium salts
PHARMACOKINETICS OF SULFONAMIDES
• Absorption (well absorbed drugs) Mainly in the small intestine • Binding with proteins: 20–90% • Distribution: the greates concentrations — in the liver, kidneys, lungs, skin; less — in the fatty tisue. They penetrate well the liquid mediums of an organism, including through the BBB, placenta • Biotransformation: acetylated, oxidized, form nonactive glucuronides or are not changed. Acetylating forms (especially in the acidic medium!) precipitate in the renal tubules, resulting in crystalluria • Excretion: by kidneys, mainly, by the way of gromerular filtration. The preparations of prolong action undergo repeated reabsorption In children and elderly people pharmacokinetics changes!
The concentration of sulfonamide should exceed PABA concentration in substrate on average 100–1,000 times as much
The antibacterial activity lowers down at presence of pus, blood, products of disintergration of organism tissues, where the greater PABA quantity is
ANTIMICROBIAL SPECTRUM
Bacteriostatic action 

♦ Highly sensitive causative agents: Cocci (pneumococci, gonococci, meningococci, streptococci), intestinal (E. coli, salmonellas, Vibrio cholera), large viruses (of trachoma, inguinal lymphogranulematosis), Protozoa (malaria, toxoplasmosis), Chlamydia, causative agents of gas gangrene, diphtherias, etc. 
♦ Moderately sensitive: Staphylococci, Enterococci, Klebsiellas, causative agents of leprosy, tularemia, micobacteria, leishmaniosis, actinomycetes In combination with trimethoprim — bactericidal action, antibacterial spectrum is broader
Only those microorganisms are sensitive which need PABA for the vital activity
Because of frequent and inefficient administration a number of Staphylococci, Meningococci, Streptococci, Gonococci, E. coli have mutated, which made them resistant

Cross resistance is peculiar to sulfonamides
INDICATIONS
• Acute cocci infections (pneumonias, sore throat, bronchitis, sinusites, otites, cholecystitis, meningites, etc.) — resorptive long and ultra long action (sulfadimethoxine, sulfalen), co-trimoxazole 
• Acute infections of urinary tract and genital organs (cystites, prostatites, etc.) — resorptive short action (urosulfane), co-trimoxazole 
• Acute intestinal infections (dysentery, enterocolites, colitis, etc.) — badly absorbed (phthalazole); non-specific ulcerous colitis — salasosulfonamides 
• Eye infections (ulcerative conjunctivites, blepharitis, etc.) — sulphacyl-sodium 
• For treatment of trachoma, malaria, clamidiosis, toxoplasmosis, actinomycosis, leprosy, etc.
ADVERSE EFFECTS
• Disturbance of urine excretion: crystalluria, hematuria, urine retention ⇒ abundant alkaline drink, control of diuresis! 
• Disturbance of hematosis: leukopenia, agranulocytosis, sulmethemoglobinemia, anaemias ⇒ control of blood! 
• Hepatotoxicity: hepatitis, in children — icterus (insufficiency of glucuronyltransferase) 
• Allergic reactions: dermatitis, Stevens—Johnson’s syndrome, etc. 
• Neurotoxicity (dizziness, headache, depressions) 
• Immunosupression (co-trimoxazole)
GENERAL PRINCIPLES OF SULFONAMIDE THERAPY
• Rational choice of sulfonamide taking into account anamnesis of a patient! (whether administered before, sulfonamide resistance, diseases) 
• Early onset of treatment 
• Principle of loading dose! 
• Interval of introduction 
• Duration of treatment — 6–8 days (with acute infections and especially in children and elderlies) 
• Combined treatment (sulfonamides do not combine with each other!), careful usage with other drugs (novocaine, diphenine, NSAIDs, synthetic hypoglycemic drugs, diuretics, anticoagulants, etc.) 
• Rise of immunological reactivity and decline of therapy complications (vitaminic drugs, immunomodulators)
ANTIMICROBIAL DRUGS OF DIFFERENT CHEMICAL STRUCTURE

• Derivatives of naftiridin: Quinolones (nalidixic, oxolinic acids, etc.) Fluoroquinolones (ciprofloxacin, ofloxacin, etc.) 
• Derivatives of imidazole: metronidazole, tinidazole 
• Derivatives of 8-oxyquinoline: chlorquinaldol, nitroxoline, oxolinic acid, etc. 
• Derivatives of nitrofurane: furazolidone, furadonine, furagin, etc. 
• Derivatives of quinoxaline: dioxydine, chinoxydin
QUINOLONES. FLUOROQUINOLONES
Mechanism of action 
• Inhibits DNA-gyrase (bactericidal) 
• Also affect the RNA bacteria and bacterial proteins synthesis, on stability of membranes and other vital processes of bacterial cells 
• They have a post-antibiotic effect (~2 hrs) Antibacterial spectrum. 
They are highly active to aerobic Gr– bacteria (E. coli, Shigella, Salmonella, Vibrio cholerae, Yersinia enlerocolytica, Legionella, Brucella, Listeria monocytesgenes, Haemophilus, Neisseria gonorrhoeae, N. meningitidis, P. aeruginosa, etc.), the Gr+ series: majority of staphylococci (Streptococci are more stable), Chlamydia, Mycoplasmas, Ureaplasmas, and also Mycobacteria tuberculosis, Rickettsia, Leishmania, Plazmodia, etc.  They are active to the bacteria which are resistant to other antimicrobial drugs!  Resistant stains appear
Indications 

Non-fluorinated quinolones and norfloxacin: chronic infections of the urinary system and intestinal infections 
Fluoroquinolones: • ENT-infections: malignant otitis and sinusitis caused by polyresistent strains • Infections of the lower respiratory tracts: chronic bronchitis, nosocomial pneumonia, legionellosis • Intestinal infections: shigellosis, typhoid fever, generalized salmonellosis, plague, cholera • Anthrax • Intra-abdominal infections
Adverse effects 
General for all quinolones: GIT: heartburn, pains in the epigastral region, appetite disorders, nausea, vomiting, diarrhea, CNS: ototoxicity, drowsiness, insomnia, headache, dizziness, visual disorders, paresthesia, tremor, seizures. Allergic reactions: rash, itching, angioneurotic edema; photosensitization Typical for non-fluorinated quinolones:  Haematological reactions: thrombocytopenia, leukopenia; with deficit of glucoso-6-phosphate dehydrogenase — hemolytic anaemia. Liver: cholestatic icterus, hepatitis
Typical for quinolones:  Locomotor apparatus: arthropathies, arthralgias, mialgias, tendinitis, tendovaginitis, raptures of tendons (are not recommended before 18 years old and pregnant women!). Kidneys: crystalluria, transitory nephritis. Heart: the QT interval lengthening on ECG. Others: most often — candidiasis of the mucous membrane of oral cavity and/or vaginal candidiasis
DERIVATIVES OF IMIDAZOLE
Metronidazole (metrogil, trichopol), tinidazole Mechanism of action: bactericidal — a recovered nitro group of the drug disturbs replication and transcription of the microbial cell’s DNA
DERIVATIVES OF 8-OXYQUINOLINE
Nitroxoline (5-NOX), chlorquinaldol, intetrix, oxolinic acid 
Mechanism of action: bactericidal — inhibit the synthesis of protein, form chelates, increasing oxidizing processes in protoplasm 
Antibacterial spectrum: broad — Gr+ and Gr– bacteria (Staphylococci, Enterobacteria, etc.), Protozoa (Amoebae, Lamblia, Balantidia), pathogenic fungi Indications: are effective against resistant microflora to other antibacterial drugs — intestinal infection and disbacteriosis (chlorquinaldol, intetrix); — infections of the ureniferous system (nitroxoline) 
Adverse effects: peripheral neuro- and myelopathies, defeat of the visual nerve, allergic reactions, stomach pain, nausea
DERIVATIVES OF NITROFURANE
Furadonine, furazolidone, nifuroxaside, furagin; locally — furacilin, etc. 
Mechanism of action: bacteriostatic and bactericidal (on concentration). A nitrogroup containing in the structure restores in the aminogroup, which inhibits the DNA function, cellular respiration, Krebs cycle; pH < 5.5 increase action! 
Antibacterial spectrum: Gr+ and Gr– bacteria, Protozoa (Amoebae, Lamblia, Trichomonades), large viruses, fungi Indications: are effective against microflora resistant to antibiotics and sulfonamides — intestinal infections (furazolidone, nifuroxaside); — infections of the urinary system (furadonine, furagin) 
Adverse effects: allergic reactions, neurites, bleeding, methhemoglobinemia, nephrotoxicity, dispeptic disorders, embryotoxicity

QUINOXALINES
Dioxidine, quinoxidine, dioxycol 
Mechanism of action: bactericidal — block bacteria’s DNA synthesis 
Antibacterial spectrum: Gr+ and Gr– bacteria, Proteus vulgaris, Pseudomonas, pathogenic anaerobes, etc. They are active to bacteria which are stable to other chemotherapeutic drugs Indications: arthritis, severe pyo-visceral processes, sepsis, etc. 
Adverse effects: mutagenic, teratogenic, embryotoxic action, seizures, allergic reactions, hyperthermia They are administered only for adults and strictly under the supervision of a doctor!

