Macrolides (macrocyclic lactone ring 14-16 atoms)
Erythromycin 
· 14-atom lactone ring.

· Is effective against: legionella, corynebacteria, gram +ve cocci, Chlamydia &helicobacter.

· Less effective on gram –ve.

· Mechanism of action:

· Inhibits protein synthesis via binding to 5oS ribosomal subunit RNA.

· Bactericidal at high concentration & Bacteriostatic at low concentration.
· Pharmacokinetics:

· Destroyed by stomach acidity &must be administered with enteric coating.

· Food interferes with absorption.

· T1/2= 1.5 hr.

· Excreted mainly through bile, 5%only in urine (helpful in patients with renal failure). 
· Cross placenta but not BBB ( contraindicated in pregnancy.  

*Estolate = chemical substance add to erythromycin to improve absorption.
· Clinical uses:  

· Drug of choice of corynebacterial infection. 

· Chlamydia infection.

· Community acquired pneumonia. 

· Mycoplasma.

· Legionella.
· Penicillin allergic patients. (There is no cross allergic reaction with penicillin. 

· Adverse effect:

· Anorexia, nausea, vomiting & diarrhea.
· Liver toxicity especially with Estolate coat produces acute cholestatic hepatitis. 

· Drug interactions as it is cytochrome p450 inhibitors.
· Hypersensitivity reactions.
Azithromycin

· It is 15-atom lactone ring. 

· Spectrum: 

· As clarithomycin (active against mycobacterium avium complex, mycobacterium leprae and toxoplasma gondii) but more effective against hemophylus influenza and Chlamydia and less active against staph. And strep. 

· Pharmacokinetics: 

· Penetrates most tissues except CSF it is concentrated in tissues and slowly released. 

· T1/2 is 3 days (permit once-daily dosing). 

· Rapidly absorbed and well tolerated orally. 

· Food reduces its bioavailability. 

· Antacids don’t affect the bioavailability of the drug but delay absorption and reduce peak serum concentrations. It is not affected by gastric acidity. 

· Because it has a 15-member (not 14-member) it doesn’t inhibit cytochrome P450 therefore is free of the drug interactions that occur with erythromycin and clarithomycin. 

· Mainly excreted in bile and small amount is excreted in urine. 

· Clinical uses: 

· Upper respiratory tract infections as alternative to penicillin. 

· Lower respiratory tract infections. 

· Skin infections. 

· Urethritis and cervicitis caused by chlamydial infections (more effective than doxycycline). 

· Adverse effects: 

· GIT disturbances (less frequent than erythromycin). 

· Hypersensitivity. 

· Fungal overgrowth. 

· Liver affection. 

Clarithromycin

· It is 14 atoms lactone ring (enzyme inhibitor).  

· The addition of CH3 group to OH group at C6 improves acid stability and oral absorption compared with erythromycin. 

· Mechanism of action: 

· As erythromycin and azithromycin. 

· Spectrum: 

· As erythromycin but more active against mycobacterium avium complex and has activity against M.leprae and toxoplasma gondii.

· Not effective against streptococci and staphylococci which are resistant to erythromycin.  

· Pharmacokinetics: 

· Half life ( T1/2) is 6 hrs (permits twice-daily dosing). 

· Distribution as erythromycin. 

· Metabolized in liver. The major metabolite is 14-hydroxyclarithomycin, which has antibacterial activity).

· Excreted in urine (drug and its metabolites). 

· Drug interaction as erythromycin. 

· Adverse effect:

· As erythromycin but less frequent GIT upset (advantage). 

· More expensive. 

Tetracyclines
· Broad-spectrum antibiotics. 

· Effective against most gram +ve and gram –ve bacteria, including anaerobes. 

· Rickettsiae, Chlamydia. 

· Mycoplasma and amebas. 

· Mechanism of action: 

· Bacteriostatic, inhibits the protein synthesis by binding reversibly to the 30s subunit of the bacterial ribosome. 

· Pharmacokinetics: 

· Rate of oral absorption differs after oral absorption:  

· Chlortetracycline (30% is absorbed -poorly absorbed-). 

· Tetracycline, oxytetracycline, demeclocycline and methacycline (60-70% is absorbed -intermediately absorbed-). 

· Doxycycline and minocycline (95-100% completely absorbed). 

· A portion remains in the gut lumen and affect normal flora and is excreted in feces. 

· Absorption occurs in upper small intestine and food impairs the oral absorption of all preparation except: 

· Doxycycline. 

· Minocycline. 

· Divalent cation (Ca+2 in milk and milk products and antacids, Mg+2, Fe+2); trivalent cation (as Al+3) and alkaline PH interfere with absorption of all preparations of tetracycline. 

· Distribution: 

· 40-80 % is bound to plasma proteins. 

· They are widely distributed in tissues except CSF (10-25% only as compared to serum). 

· Minocycline reaches in very high concentration in tears and saliva (used to eradicate meningococcal carriers). 

· Tetracyclines cross the placenta. 

· Excretion:

· Excreted mainly in bile and urine. 

· Drugs excreted in bile are reabsorbed from the intestine (enterohepatic circulation), so the serum level is maintained

· Urinary excretion is mainly by glomerular filtration. 

· Doxycycline is excreted only by bile (non renal route) so it is the drug of choice in patients with renal insufficiency and it doesn’t require dosage adjustment. 

· Small portion is excreted in milk. 

·  According to half life, tetracycline are classified into: 

· Long acting: doxycycline and minocycline taken once daily (T1/2 = 16-18 hrs). 

· Intermediate acting: demeclocycline and methacycline ( T1/2 =12 hrs). 

· Short acting: chlortetracycline, oxytetracycline and tetracycline (T1/2= 6-8 hrs). 

· Clinical uses of tetracyclines: 

· Tetracyclines are the drugs of choice in: 

1. Mycoplasma pneumonia. 

2. Chlamydial infections including sexually transmitted diseases. 

3. Rickettsial infections as typhus, Rocky Mountain spotted fever. 

4. Spirochetes. 

· They are effective in the treatment of: 

1. Brucellosis. 

2. Anthrax. 

3. Vibrio cholera (doxycycline) if they are not resistant. 

4. Traveler’s diarrhea (doxycycline ). 

5. Helicobacter pylori. 

6. Acne (minocycline and doxycycline). 

7. Bronchitis. 

8. Eradication of meningococcal carriers (minocycline). 

9. Protozoal infections (as in entamoeba histolytica or plasmodium falciparum). 

· They are not effective in: 

1. Streptococcal infections. 

2. Staphylococcal infections. 

3. Gonococcal infections. 

4. Meningococcal infections. 

5. Typhoid fever. 

· Adverse effects: 

· IM: pain and inflammation. 

· IV: is preferred but may lead to vein thrombosis. 

· GIT: nausea, vomiting, diarrhea (direct local irritation or super added infections: candidiasis, enterocolitis associated with clostridium difficile- treated with metronidazole). 

· Damage growing bone and teeth, yellowish discoloration, dental caries. It can cause deformity and growth inhibition.

· Liver toxicity especially during pregnancy when given to patients with preexisting insufficiency or when high doses are given IV. 

· Kidney toxicity: renal tubular acidosis and other renal injury resulting in nitrogen retention have been attributed to the administration of outdated tetracycline preparations. Tetracyclines given along with diuretics may produce nitrogen retention. Tetracyclines other than doxycycline may accumulate to toxic levels in patients with impaired kidney functions. 

· Photosensitization to sunlight, UV light especially with demeclocycline  in fair-skinned people in particular. 

· Vestibular reactions: dizziness, vertigo, nausea, vomiting mainly with doxycycline at doses above 100 mg. with dosage of 200-400mg/d of minocycline 35-70% of patients will have these reactions.  

· Fanconi syndrome: if taken after expired date N, V, polyurea, polydipsia, proteinuria, acidosis, glycosuria (kidney damage). 

· Contra-indications: 

· Not with milk, antacids or ferrous sulfate. 

· In pregnant women ( to avoid deposition in fetal growing bones or teeth) also in lactating women. 

· Children under 8 years of age. 

· Drug interaction: 

· With enzyme inducers e.g. cabamazepine, phenytoin, barbiturates and chronic alcohol ingestion => shorten the half life.

Chloramphenicol

· Pharmacokinetics: 

· Rapid and complete oral absorption. 

· 60% bound to plasma proteins. 

· Wide distribution in body tissues and cross the placental barrier. 

· High concentration in CSF and could be equal to serum levels (50%). 

· Metabolized by liver mainly by conjugation with glucoronic acid.  

· Excretion of metabolites (90%) + unchanged (10%) occurs by kidney. And small amount of active drug is excreted into bile or feces.

· The concentration of the drug must be reduced in case of hepatic failure and in children but not in case of renal failure.  

· Potent enzyme inhibitors. 

· Mechanism of action: 

· Bacteriostatic, binds reversibly to 50S subunit of bacterial ribosome.   

· Spectrum: 

· Broad. 

· Used against aerobic and anaerobic gram +ve and –ve bacteria. 

· It is active against rickettsiae but not Chlamydia.

· Hemophilus influenzae, neisseria meningitidis and some strains of bacteroides are highly susceptible, and for them chloramphenicol may be bactericidal.    

· Clinical uses: 

· Serious Rickettsial infections e.g. typhus and rocky mountain spotted fever. 

· Used in children for whom tetracycline in contraindicated. 

· Alternative to β lactam antibiotic for treatment of meningococcal meningitis caused by resistant organisms to penicillin or in patients with hypersensitivity to penicillin e.g. peumococci, meningococci and H.influenza. 

· Used topically in case of eye infections other than chlamydial infections.  

       N.B. chloramphenicol is not used nowadays in typhoid state or carrier as we   

                Prefer bactericidal antibiotics. E.g. ampicillin and cortimoxazole. 

· Side effects: 

· Mild: 

· GIT disturbances: nausea, vomiting, anorexia. 

· Bacterial flora in intestine: vitamin K hemorrhage (especially if given as anticoagulants). 

· Hepatic enzyme inhibition: which to an increase in the serum level of phenytoin, tolbutamide, chlorpropamide (hypoglycemic) and warfarin (anticoagulant).  

· Severe: 

· Bone marrow depression: agranulocytosis and aplastic anemia. 

· Hypersensitivity reactions: skin rashes, optic neuritis (treated by vitamin B12 and vitamin B6). 

· Grey  baby syndrome: in infants and premature babies, liver and kidney still don’t function very well, which cause an increase the blood level of drug, leading to vomiting, flaccidity, hypothermia, gray color, shock, and collapse which is collectively known as grey baby syndrome.

Aminoglycosides

· General preparations:

· Bactericidal by binding to the 30s subunit of the bacterial ribosomes (inhibit protein synthesis). 

· Effective against gram –ve aerobic bacilli. 

· Poorly absorbed from GIT (given orally only for sterilization of the gut).

· Given mainly parenterally (IM,IV). 

· Not freely crossing BBB. 

· Excreted mainly unchanged by kidney. 

· More active in alkaline medium. 

· Have a common adverse effect: 

1. Ototoxicity. 

2. Nephrotoxicity. 

3. Neuromuscular blocking effect (curare like action). 

4. Hypersensitivity reactions. 

5. Headache (CNS). 

· Therapeutic uses: 

· Streptomycin: 

1. TB in combination with other antituberculous drugs. 

2. Bacterial endocarditis with penicillin. 

3. Severe brucellosis with tetracycline. 

4. Bacterial meningitis due to gram –ve. 

· tobramycin: 

· Similar to gentamycin but more active against p.aeruginosa. 

· Less nephrotoxic. 

· Less ototoxic. 

· Given either IM or IV. 

· Used in treatment of  bacteremia, osteomyelitis and pneumonia caused by pseudomonas aeruginosa. 

· Not effective against mycobacterium organism. 

· Gentamycin: 

· Used against gram -ve bacilli e.g. pseudomonas aeruginosa, proteus, E.coli, enterobacter. 

1. In sepsis, infected burns, pneumonia, urinary tract infections. 

2. In meningitis due to gram –ve. 

3. Serious systemic infection (septicemia) in combination with carbenicillin. 

· Neomycin: 

1. Highly nephrotoxic, so used only orally or topically. 

2. Sterilization of gut before surgery (orally). 

3. Skin infections by gram –ve bacilli. 

4. Burn infections.

5. Eye infections (ointment).
· Amikacin:
· it has the broadest spectrum among the group. 

· Therapeutic uses;

· Amikacin is the preferred agent for serious nosocomial gram –ve bacillary infections in hospitals. 

· In TB as an alternative to streptomycin. 

· Atypical mycobacterial infections such as mycobacterium avium complex. 

· Less active against enterococci than gentamycin. 

· Adverse effects: 

· Nephrotoxicity. 

· Ototoxicity (auditory deficits are most common). 

· Contraindications of aminoglycosides: 

· Severe renal dysfunction. 

· Pregnancy. 

· Diminished hearing. 

· Myasthenia gravis. 

· Respiratory insufficiency.
· Precautions: (with any drug that cause nephrotoxicity) 

· Loop diuretics potentiate  nephrotoxicity. 

· Tubular necrosis is potentiated in concurrent use with cephalosporines and loop diuretics (furosemide, ethacrinic acid). 

· Monitoring plasma level is useful during treatment.

Fluroquinolones

· Derived from nalidixic acid. 

· Active against gram –ve and gram +ve bacteria. 

· Bactericidal.

· Mechanism of action: 

· Block DNA synthesis by inhibiting bacterial topoisomerase II (DNA gyrase) and IV. 

· Inhibition of topoisomerase IV may interfere with separation of replicated chromosomal DNA into the daughter cells during cell division. 

· Early quinolones (nalidixic acid, oxolinic acid, cinoxacin) don’t have systemic antibacterial activity. 

· Antibacterial spectrum: 

· Prototype: ciprofloxacin. 

· Broad spectrum antibiotic. 

· Excellent against gram –ve bacteria: potent

· Enterobacteria. 

· H. influenzae. 

· Compylobacter. 

· Pseudomonas. 

· Penicillinase producing N.gonorrhea. 

· Moderate to good activities against Gram +ve: 

· Streptococci. 

· Pneumococci. 

· Staphylococci. 

· Active against Intracellular pathogens: 

· Mycobacterium tuberculosis. 

· Mycoplasma. 

· Brucella. 

· Legionella. 

· Chlamydia. 

· Pharmacokinetics: 

· Well absorbed orally ( bioavailability 80-95%). 

· Widely distributed in body fluids and tissues, it can cross BBB and placenta. 

· T1/2 differs: 

·  3hrs for norfloxacin and ciprofloxacin.

· 10 hrs for perfloxacin and fleroxacin. 

· 20 hrs for sparfloxacin. 

· Oral absorption is impaired by divalent cations as in antacids. 

· Concentration is high in prostate, kidney, neutrophils and macrophages. 

· Excreted through tubular secretion (main route) which can be blocked by Probenecid and through glomerular filtration as well. 

· Sparofloxacin is metabolized by liver to form an inactive metabolite. 

· The dose must be adjusted in renal failure. 

· They are excreted in breast milk. So, it is contraindicated for nursing mothers or during pregnancy. 

· Moxifloxacin and trovafloxacin are excreted by non-renal route (hepatic route).so, they are contraindicated in patients with hepatic failure. 

· Clinical uses: 

· Urinary tract infections caused by multidrug resistant bacteria, e.g. pseudomonas. (in pseudomonas we prefer to use a combination between 2 antibiotics). 

· Bacterial diarrhea caused by shigella, salmonella, toxogenic E.coli or campylobacter. 

· Fluroquinolones (except norfloxacin which cann’t achieve adequate systemic concentration) are used in infections of soft tissues, bones, joints, and intra-abdominal and respiratory tract infections. 

· Ciprofloxacin and ofloxacin are used against gonococcal infections. 

· Ciprofloxacin is a 2nd -line agent for Legionellosis ( 1st line is erythromycin). 

· Ofloxacin is used in chlamydial Urethritis or cervicitis. 

· Both of previous drugs are used in TB and atypical TB, also  for meningococcal carriers or for prophylaxis of infections in neutropenic patients. 

· Adverse effects: 

· Nausea, vomiting and diarrhea. 

· Headache, dizziness and insomnia. 

· Abnormal liver function (mainly with trovafloxacin). 

· Skin rash and photosensitivity.  

· Concomitant administration of theophylline and quinolones increases the level of theophylline which may show toxic effects especially seizures. 

· May damage growing cartilage and cause anthropathy. Thus, they aren’t recommended before age of 18. 

· Prolong QT interval => precipitates arrhythmia. 

· Contraindications: 

· Children. 

· Adolescents (growing stage). 

· Pregnancy. 

· Lactation. 

· Dosage: 

· Fluroquinolones are available only for oral use, with the exception of ciprofloxacin which is available for I.V. use only. 

Miscellaneous antibiotics

Polymyxins, spectinomycin, and clindamycin

1. polymyxins: 

· they are active against gram –ve bacteria. 

· Only polymyxin B is available and to a lesser extent polymyxin E (colistin). 

· They are  bactericidal for many gram –ve including pseudomonas. 

· Inactive against gram +ve bacteria. 

· Mechanism of action: 

· Disrupt phospholipids of bacterial cell wall. 

· Not used systemically as they are highly nephrotoxic. So, it is restricted to topical use. 

· Ointments containing polymyxin B in mixtures with bacitracin or neomycin or both are applied to infected superficial skin lesions (gram +ve, gram –ve organism). 

2. spectinomycin: 

· not actually aminoglycoside but related to them 

· mechanism of action: 

· as aminoglycosides, they inhibit protein synthesis by binding to 30S ribosomal subunit.

·  Pharmacokinetics: 

· Similar to aminoglycosides: 

· Poorly absorbed orally. 

· Given parenterally (IM). 

· Limited to CNS (crosses BBB poorly). 

· Excreted unchanged through the kidney (glomerular filtration). 

· Clinical uses: 

· In resistant organisms to penicillin especially in N.gonorrhea (2nd drug of choice) single IM injection may be enough to treat infection by N.gonorrhea)  -cefexin- is the 1st drug of choice.

3. clindamycin: 

· active against gram +ve cocci and anaerobic bacteria. 

· Mechanism of action: 

· Inhibits protein synthesis by binding to 50S ribosomal subunit. 

· Pharmacokinetics: 

· Given orally or parenterally. 

· Widely distributed in tissues (including bones) and body fluids. 

· Crosses placental barrier but not BBB. 

· 90% is bound to plasma protein. 

· Metabolized in liver (active metabolites). 

· Excreted by bile and urine as metabolites, 10% is excreted unchanged. 

· Plasma half life is 2.5 hrs. 

·  Clinical uses: 

· Anaerobic infections (severe cases): 

· In penetrating wounds of the abdomen and gut.

· Infections in female genital tract: septic abortion- pelvic abscesses. 

· Aspiration pneumonia. 

· Anaerobic bone infections. 

· Prophylaxis of endocarditis, in patients with heart valve disease undergoing dental operation.  

· Plus primaquine in Pneumocystic carinii pneumonia in AIDS patients (alternative to co-trimoxazole). 

· Conjunctivitis. 

· In AIDS-related toxoplasmosis of the brain with pyrimethamine. 

·  Side effects: 

· GIT disturbances (diarrhea is common). 

· Pseudomembranous colitis. 

· Hepatotoxicity. 

· Bone marrow suppression (rare). 
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