Inhibitors of Protein Synthesis

	Macrolides – Tetracyclines – Aminoglycosides - Chloramphenicol


Macrolides (Macrocyclic Antibiotics –Lactone Ring 14-16 Atoms)

· ERYTHROMYCIN (14-ATOM LACTONE RING):
· It’s effective against legionella, corynebacteria, Gram +ve cocci, chlamydia, and helicobacter.
· It’s less effective against Gram –ve organisms.

· Mechanism of Action:

It inhibits protein synthesis via binding to 50S ribosomal RNA subunit.

· Erythromycin has a bactericidal effect at high concentrations.

· Erythromycin has a bacteriostatic effect at low concentrations.

· Pharmacokinetics:

1- It’s destroyed by gastric acid and must be administered with enteric coating, such as estolate and succinate.

2- Food interferes with its absorption.

3- It has a half-life of 1.5 hours; it should be given 3-4 times daily.

4- It’s excreted mainly through bile; 5% is only excreted in urine.

5- It can cross the placenta, but it CANNOT cross the blood brain barrier.

· Clinical Uses:

1- It’s the drug of choice for the treatment of corynebacterial infections, such as diphtheria and sepsis.

2- Respiratory, neonatal, ocular, or genital chlamydial infections.

3- Community-acquired pneumonia.

4- Mycoplasma

5- Legionella

6- Penicillin-allergic patients (It can be used as an alternative to penicillin).

· Adverse Effects:

1- Anorexia, nausea, vomiting, diarrhea

2- Hepatotoxicity –especially with the estolate coat which produces an acute cholestatic hepatitis

3- Drug interactions because it’s a cytochrome p450 inhibitor

4- Hypersensitivity reactions

· CLARITHROMYCIN (14-ATOM LACTONE RING):

· It’s an acid stable drug because a methyl group has been added to its structure.
· It has the same mechanism of action of erythromycin.

· It has a spectrum similar to that of erythromycin, but it’s more active against Mycobacterium avium, complex M.leprae, and toxoplasma gondii.

· It has a half-life of 6 hours; it should be given twice daily.

· It’s metabolized in the liver to active metabolites.

· It’s partially excreted in urine.

· It has drug reactions similar to those of erythromycin.

· It has a lower frequency of gastric intolerance.

· More tolerable.

· More expensive.

· It requires less frequent dosing.

	Dose adjustment is extremely important in cases of severe renal impairment because the active metabolite is excreted through the kidneys.


· AZITHROMYCIN (15-ATOM LACTONE RING):
· It has a mechanism of action similar to that of other macrolides.

· It has a similar spectrum to that of clarithromycin, but it’s more active against H.influenza and chlamydia.

· It has a half-life of 3 days; it can be taken once daily because it’s slowly released from tissues.
· It’s rapidly absorbed and well tolerated.

· It’s free of drug interactions.

· It’s excreted in bile and urine.

· Clinical Uses:

1- Upper & lower respiratory tract infections

2- Skin infections

3- Alternative to penicillin in allergic patients

4- Urethritis or cervicitis caused mainly by chlamydial infections

· Adverse Effects:

1- Gastric Upset (less than erythromycin)

2- Allergy

3- Superinfection

4- Liver affection

	Azithromycin is NOT a microsomal inhibitor.


Tetracyclines

· They are broad-spectrum, reversible antibiotics.

· They have a bacteriostatic effect because they inhibit protein synthesis reversibly by binding to 30S ribosomal subunit.

· Pharmacokinetics:
1- Poorly absorbed (30%) as chlortetracycline
2- Moderately absorbed (60-70 %) as tetracycline, oxytetracycline, demeclocycline

3- Highly absorbed (95-100%) as doxycycline and minocycline
4- Their absorption is impaired by the presence of food EXCEPT doxycycline and minocycline.

5- Absorption of all preparations is impaired by divalent cations, milk and its products, antacids, and alkaline pH.

6- Plasma protein binding varies (40-80%)

7- Minocycline reaches very high concentrations in tears and saliva, and that makes it useful in the eradication of meningococcal carriers.

8- Tetracyclines cross the placental barrier.

9- They are excreted through the bile and urine.

10- Doxycycline is eliminated by non-renal routes.

11- Doxycycline & minocycline have the longest duration of action (16-18 hours); taken once daily

12- Demeclocycline has an intermediate duration of action (12 hours)

13- Oxytetracycline & tetracycline have the shortest duration of action (6-8 hours).

· Clinical Uses:

1- Drug of choice in cases of:

a. Mycoplasma pneumonia

b. Chlamydia infections

c. Rickettsia infections

d. Some spirocates

e. Brucellosis

2- Cholera

3- Travelers’ diarrhea

4- Helicobacter pylori (in combination with regimens)

5- Acne (doxycycline, minocycline)

6- Bronchitis

7- Protozoal infections

8- Minocycline is used to eradicate meningococcal carriers

· Not Used In:

1- Streptococcal & staphylococcal infections
2- Gonococcal infections

3- Meningococcal infections

4- Typhoid fever

· Adverse Effects:

1- If given intramuscularly, they can cause inflammation and pain.

2- If given intravenously, they can cause thrombophlebitis.

3- Gastric upset (nausea, vomiting, diarrhea)

4- Enterocolitis (pseudomembraneous colitis)

5- Superinfections

6- Damage of growing bones and teeth; they are not recommended for pregnant ladies.

7- Yellowish brown discoloration of teeth and dental caries in kids less than 8 years

8- Hepatotoxicity

9- Nephrotoxicity (tubular necrosis)

10- Photosensitization (especially demeclocycline)

11- Vestibular reaction (vertigo, dizziness) with doxycycline and minocycline

· Contraindication:

1- With milk or its products 
2- Antacids

3- Pregnancy & lactation

4- Children under 8 years

Chloramphenicol

· It’s a broad-spectrum antibiotic.

· It has a bacteriostatic effect because it inhibits protein synthesis by binding to 50S ribosomal subunit.

· It’s rapidly and completely absorbed.
· It’s rapidly distributed.

· It CAN cross both the placenta and the blood brain barrier.

· It’s metabolized in the liver.
· It’s excreted in urine.

· It’s an enzyme inhibitor.

· Clinical Uses:

1- Serious rickettsial infections (typhus)

2- In children whom tetracyclines are contraindicated

3- Meningitis

4- Alternative to -lactam antibiotics for the treatment of meningococcal meningitis

5- Topically in bacterial eye infections EXCEPT in chlamydial infections
· Adverse Effects:
1- Gastric upset (nausea, vomiting, diarrhea)
2- Superinfections

3- Bone marrow depression (aplastic anemia, leukopenia…etc)

4- Grey baby syndrome

5- Hypersensitivity reactions

6- Drug interactions because it inhibits the hepatic microsomal enzymes

Aminoglycosides

· They are bactericidal antibiotics.

· They inhibit protein synthesis by binding to 30S ribosomal subunits.
· They are active against Gram –ve aerobic organisms.

· They are poorly absorbed orally.

· They are given intramuscularly, intravenously, or intrathecally.

· They do NOT freely cross the blood brain barrier.

· They are excreted mainly unchanged in urine.

· They are more active in alkaline media.

· They have common adverse effects, such as ototoxicity, nephrotoxicity, neuromuscular blocking effect, and rarely CNS effects.

	Aminoglycosides have a curare-like action. In cases of severe toxicity, neostigmine is used as an antidote.


· General Uses:

1- Gram –ve enteric bacteria

2- In combination with a -lactam antibiotic in the treatment of enterococcal endocarditis

· STREPTOMYCIN:
· It’s used in the treatment of TB in combination with other drugs.

· It’s used for the treatment of enterococcal endocarditis with penicillin.

· It’s used in severe brucellosis with tetracycline.

	Bacteriostatic & Bactericidal antibiotics are NEVER given together! In cases of severe brucellosis, streptomycin and tetracycline were found to be extremely effective.


· GENTAMICIN:

· It’s used in severe infections caused by Gram –ve organisms, such as sepsis, urinary tract infections, and pneumonia caused by pseudomonas or enterobacter.

· It can be used topically for the treatment of infected burns, wounds, skin, and also in ocular and ear infections.

· TOBRAMYCIN:
· It’s more active against pseudomonas than gentamicin.

· It’s ineffective against mycobacteria.

· It’s less ototoxic and less nephrotoxic than gentamicin.

· It’s used in the treatment of bacteremia, osteomyelitis, and pneumonia.

· AMIKACIN:

· It has the broadest spectrum.

· It is used for serious nosocomial infections caused by Gram –ve aerobic organisms.
· It can be used in the treatment of TB as an alternative to streptomycin.

· It is used for the treatment of atypical mycobacterial infections.

· NEOMYCIN:
· It’s highly nephrotoxic, and it’s used only orally for gut sterilization before surgery or topically in infected skin, burns, or eyes.
	Neomycin could NEVER be given systemically.


· CONTRAINDICATIONS OF AMINOGLYCOSIDES:

1- Renal dysfunction

2- Pregnancy & lactation (they can cause deafness in the newborn)

3- Diminished hearing

4- Myasthenia gravis

5- Respiratory problems (they can cause paralysis of the diaphragm and the intercostal muscles)

· PRECAUTIONS:
1- Loop diuretics
2- Cephalosporins

3- Monitoring plasma levels is useful

4- Neostigmine reverses respiratory depression
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