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Antibiotics (1) General Principles

Antibiotics are substances produced by microorganisms that kill or inhibit other organisms.

· Drugs have been used for the treatment of infectious diseases since the 17th century (quinine for malaria).
· Selective toxicity is the most important concept underlying antibiotic therapy. This implies that the drug is harmful to the microorganism parasite but not harmful to the mammalian host cells.
· The choice of a drug depends on the nature of organism, the sensitivity pattern and the location of the infection.
· Broad-spectrum antibiotics are active against several types of bacteria (e.g. Tetracyclines) are active against gram-positive bacteria, many gram-negatives, Chlamydiae, Mycoplasmas and Rickettsiae. 
· Narrow-spectrum antibiotics are active against one or very few types (e.g. Vancomycin) is mainly used against gram-positive cocci (Staphylococci & Enterococci).
Antimicrobial Drugs Nature:

1. True antibiotics e.g. PencillinG.
2. Semi-synthetic e.g. Ampicillin.
3. Purely synthetic e.g. Sulfonamides.
Antibiotics &Antiseptics:

Antibiotic: Has a high selective action against specific bacterial metabolic process. Penicillins and Cephalosporins inhibit cell wall synthesis.

Antiseptic: Has no selective toxicity. It causes damage to both the bacterial and mammalian host cells (when it administered to patient systemically).

Criteria for ideal antimicrobial drug:

1. Should demonstrate selective toxicity for microbe but not for the host.
2. Should not produce hypersensitivity.
3. Should penetrate body tissues rapidly and to be retained for an adequate time.
4. Microbes should not develop resistance to it readily.
5. Should not eliminate normal flora.

6. Should show broad spectrum of activity.

Bacteriocidal and Bacteriostatic activity:
· Bactericidal antibiotics kill bacteria whereas Bacteriostatic antibiotics inhibit their growth without killing the bacteria.
· In bacteriostatic situation;
1. The bacteria can grow again when drug is withdrawn.
2. Host defense mechanisms (phagocytosis) are required to kill the bacteria.
· Bactericidal drugs are essential to use in immediately life threatening cases in patients with low polymorphonuclear (PMN) leukocyte count and cases where phagocytosis is limited (endocarditis).
Antimicrobial susceptipility (sensitivity) tests:
They are procedures performed in vitro to determine the possible effectiveness of antibiotic in vivo.

Two principal methods:

1. Disk diffusion:
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· Most widely used.

· Paper disk impregnated with antibiotic solution are placed on the surface of agar plate that been inoculated with bacteria.

· Incubate at 35-37 °C for 24-48 hrs.
· Observe the zone of growth inhibition.
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2. Dilution method:
· A series of tube antibiotic dilutions on a liquid medium is carried out.
· Tubes are then inoculated with same concentration of organism suspension and incubated.
· Lack of turbidity is indication of absence of growth.
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Minimum Inhibition Concentration (MIC): is the lowest concentration of drug required to inhibit the growth of a microorganism.
Minimum Bactericidal Concentration (MBC): the lowest concentration of a drug required to kill all bacteria in a tube.

· So tube with no visible turbidity is then cultured on agar plate and if there is no growth after incubation then bacteria is killed.

· For management of severe infections (such as endocarditis) MBC is more needed than MIC.

Principles of Antimicrobial therapy:

1. Administration:

· A drug should be prescribed only in case of an established infection which requires the use of such antimicrobial agent.
· Not in case of trivial, self-limiting infection or in healthy individuals.

2. Choice of drug:

a. Clinical diagnosis: only prescribed on an informed best-guess basis.
b. Laboratory diagnosis: culture, identification and sensitivity before chemotherapy is started.
3. Route of administration:

· Drugs are to be giving parentrally to seriously ill patients.
· Oral antibiotics must be both acid stable and absorbed from the gastrointestinal tract.
4. Dosage:

Dosage must be adequate to kill the organism at site of infection.
5. Duration:

Treatment should continue until eradication of infection.

Mode of action:

1) Inhibition of cell wall synthesis:
  Drugs that prevent cell-wall synthesis do so by inhibiting the transpeptidase step required for cross-linking the polysaccharide chains in the peptidoglycan layer of the cell wall (e.g. Pinicillin, cephalosporins and vancomycin).
2) Damage to cell membrane:

  Drugs that produce damage by binding to the membrane, resulting in the loss of semi-permeable properties of the cell membrane→ substances pass out from the cell leading to its death ( e.g.polymyxin).
3) Inhibition of protein synthesis:

  Antibiotics that have effect on translation in the cell (e.g. aminoglycosides).
4) Inhibition of nucleic acid synthesis:

   Nalidixic acid inhibits replication of DNA / rifampicin blocks transcription in bacterial cells.
5) Inhibition of folate synthesis:

  Sukphonamides and trimethoprim block different steps in folate synthesis in bacteria. Folic acid is needed as a cofactor in the synthesis of thymidine and other nucleotides.
6) Inhibition of mycolic acid synthesis:

  The drug (Isoniazid) inhibits a reductase required for the synthesis of the long chain fatty acids called mycolic acids that are essential constituent of Mycobacterial cell wall.
Resistance of bacteria to antibiotics:

Four mechanisms mediate bacterial resistance to drugs:

I. Bacteria produce enzymes that inactivate the drug eg, β-lactamases can inactivate penicillin and cephalosporins by cleaving the β-lactam ring of the drug,

II.    Bacteria synthesize modified targets against which the drug has no effect eg, a mutant protein in the 30S riboosomal subunit can result in resistance to streptomycin.

III.    Bacteria decrease their permeability such that an effective intracellular concentration of the drug is not achieved.

IV. Bacteria actively export drugs using a multi drug resistance pump (MDR pump). The MDR pump imports protons and exports antibiotics (quinolones).
V. By passing blocked metabolic reactions: bacteria require folic acid for growth. Folic acid is synthesized by bacteria from Para-amino benzoic acid (PABA).
a. Normal reaction:

Chromosome-coded

PABA                                                           Folic acid




Dehydrofolate reductase

b. Sulfonamide susceptible bacteria:

PABA                                                 No folic acid



Blocked by sulfonamide

c. Plasmid coded:

PABA                                                  Folic acid



Dehydrofolate reductase  
  Hospital acquired infection are significantly more likely to be caused by antibiotic resistant organisms than are community acquired infections.

1. Non-genetic bases of resistance

There are several non-genetic reasons for the failure of drugs to inhibit the growth of bacteria:

1) Bacteria can be walled off within an abscess cavity that the drug can’t penetrate effectively (surgical drainage is needed) or if the bacteria are intracellular (e.g salmonella -enteric fever) aminoglycosides do not enter the cells.

2) Bacteria can be in resting state→ insensitive to cell wall inhibitor drugs (pinicillin), once the treatment stopped the bacteria regain its susceptibility to the antibiotics.

3) Subjected to prolong ineffective treatment with penicillin, organisms might loses their cell walls and survive as protoplasts and be insensitive to cell wall active drugs.

4) Several artifacts can make it appear that the organisms are resistant eg, administration of the wrong drug or the wrong dose, failure of the drug to reach the appropriate site in the body eg. the cerebrospinal fluid (CSF). 

2. Genetic bases of resistance

Chromosomal resistance:

Due to a mutation in the gene that codes for the target of the drug or transport system in the membrane that uptakes the drug. The frequency of spontaneous mutations ranges from 10-7 to 10-9 (very low).

Plasmid mediated resistance:

  Very important from clinical point of view for the followings:

1) It occurs in many different species, especially G-ve rods.

2) Plasmids frequently mediate resistance to multiple drugs.

3) Plasmids have a high rate of transfer from one cell to another (conjugation). 
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