ANTIBIOTICS AND CHEMOTHERAPUTIC AGENTS
DEFINITION:

1- Antibiotics: Are substances produced by living organisms and they are active against other living organisms, e.g. Penicillin, 
     tetracycline, streptomycin, etc.

2- Chemotherapeutic agents: Are substances not produced by living organisms, but they are active against bacteria, e.g. sulphonamides
     INAH and PAS.

USES OF ANTIBIOTICS:

1- Treatment of pts. from bacterial diseases.

2- In the lab., they are used in:


a. Incorporated as selective agents in culture media, e.g.: Penicillin 
         to isolate Haemophilus influenzae, Neomycin in Willis & Hobbs 
         to isolate clostridia and VCNT in Thayer and Martin medium.


b. To control contamination with bacteria in tissue cultures to isolate viruses, e.g.:


Penicillin and Streptomycin.


c. In sensitivity tests to know which drug is suitable to treat a   

         certain infection.

ANTAGONISM & SYNERGISM:

* Synergism: When two or more drugs are given to the pt. together   

   and the effect of treatment is greater, then the drugs used are said   

   to be synergistic. Combined therapy is indicated in the following:

1- When the organism isolated is slightly sensitive to any of the drugs used, e.g.: E. faecalis treated by penicillin and streptomycin, Pseudomonas Treated by polymyxin and tetracycline.

2- When more than one organism is isolated from the pt., and each organism is found to have a different sensitivity, e.g.: Proteus and Strept. in urine.

3- As a life saving measure in severe infections, e.g.: C.S.M.

4- In diseases known to be treated by combined therapy, e.g.: S.B.E treated by penicillin and streptomycin.

5- To prevent the development of resistance when drugs used are suspected to be resistant.

The synergism can be demonstrated in the lab. by placing discs containing the antibiotics on the surface of a seeded plate at a distance equal to the sum of the diameters of the zones of inhibition produced by each antibiotic independently. If synergism is there, the zone of inhibition of one antibiotic is largely increased by the zone of the other.

*Antagonism: Here one antibiotic may stop the action of the other when tested in vitro. We can test for in vitro antagonism by the tube dilution method using different concentrations of two drugs in different tubes. If one of the drugs in antagonistic to the other, their effect should be less efficient in killing the organism than using each drug separately. This phenomenon although works in vitro, but in the body it is not very accurate. e.g.: it is said that chloramphenicol and tetracycline, will antagonize the action of Penicillin and  Streptomycin but this applies only to highly sensitive organisms to the bactericidal drugs (penicillin and streptomycin) .

N.B.: Bacteriostatic drugs are synergistic to each other but they antagonize bactericidal drugs. Also bactericidal drugs are synergistic to each other but antagonize bacteriostatic drugs.

SYNERGISTIC & ANTAGONISTIC DRUGS
	Bactericidal drugs (1)
	Bacteriostatic drugs (2)

	Penicillin

	Tetracycline

	Ampicillin

	Chloramphenicol

	Kanamycin

	Novobiocin

	Ceporin

	Erythromycin

	Fucidin

	Lincomycin

	Streptomycin

	Sulphonamides


	Polymycin B

	

	Gentamycin

	


a) Combination of two antibiotics from group (1) often synergistic never antagonistic. 
b) Combination of two antibiotics from group (2) often synergistic never antagonistic. 
c) Combination of an antibiotic from group (1) with one from group (2):
1- If organism was sensitive to group (1) antibiotic then combination with an antibiotic from group (2) might be antagonistic.

2- If organism was resistant to antibiotic from group (1) then combination with one from group (2) might be synergistic.

Sensitivity of T.B. 
The sensitivity of T.B. to streptomycin, PAS and isoniazid is

determined by inoculation of slopes of L.J medium containing

various concentration of the drug where the organism T.B. growth is

inhibited. The sensitivity is expressed as the ratio of the concentration 
inhibiting growth to that inhibiting growth of a known sensitive stain, e.g.: H3, RV. i.e. MIC test organism 
                                 MIC control organism
ASSAY OF ANTIBIOTICS:

This is the determination of the concentration of the antibiotic present in various fluids, e.g.: Blood, C.S.F., urine, etc. It is usually done after giving the drug to the pt. for a certain disease, then we assay the drug in the clinical fluids of the patient.

The techniques usually used are:

1- Plate diffusion technique; simple but not very reliable. Here the drug is incorporated inside the medium.

2- The Filter-paper disc technique, also simple but not reliable.

3- The broth dilution technique; better than the above 2.

4- The 'Cub' method; is more reliable and most frequently used. Here the antibiotic solution is placed into the cups or cylinders made of glass or porcelain and they are placed on the surface of a plate containing a medium that has already been seeded with an organism sensitive to the drug. Holes can be done instead of these cups. Then we read the zones of inhibition after overnight incubation; and from the data a curve is plotted and the concentration of the drug can be read from the curve below: 
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                      Concentration of antibiotic
ANTIBIOTICS IN CURRENT USE:
They are classified into the following:

1- ِAntibiotics mainly active against G +ve organisms, e.g.: penicillin, erythromycin, methicillin, novobiocin, etc.

      Exceptions: G -ve Neisseria are sensitive to them
      Also G -ve H. influenzae and Bordetella are sensitive to 
      them E. faecalis is resistant to them.

2- Antibiotics mainly active against G -ve organisms, e.g.: streptomycin, neomycin and polymyxin.

      Exceptions: Mycobacteria G +ve but sensitive to them.

      T.B. is sensitive to streptomycin and neisseriae are resistant   

      to polymyxin B.

3- Antibiotics active against both G -ve & G +ve organisms e.g.: wide spectrum antibiotics like tetracycline, ampicillin, chloramphenicol and cephalosporin.

4- Antibiotics active against fungi, e.g.: nystatin and amphotericin B.
MODES OF DRUG RESISTANCE:

1- Drug inactivation, e.g.: Penicillinase & Penicillin.

2- Decreased accumulation of the drug, due to permeability changes, e.g.: Tetracycline.

3- Increased formation of metabolite antagonists, e.g.: PABA & Sulphonamides.

4- Development of an alternate pathway:  A→B→C→D
       
   ↓             
                                                                          M→N→D
5- Altered enzyme or target, e.g.: Sulphonamides.

6- Decreased requirement for product of the inhibited reaction, e.g.: Trimethoprim: A→B drug C→D
7- Increased synthesis of the inhibited enzyme.

8- Acquired resistance transfer factors, e.g.: Coliforms. Resistant to Chloramphenicol, streptomycin, tetracycline, erythromycin, etc
MECHANISMS OF ANTIBIOTIC ACTION:
1- Inhibition of Cell Wall Synthesis:


a. Penicillin: Acts by inhibiting Transpeptidase enzymes that   

         catalyse the final cross linking step in the synthesis of     

         peptidoglycan.

b. Cephalosporin: Acts same as Penicillin.

c. Impenem & Aztreonam: Act same as Penicillin.

d. Vancomycin: Acts by blocking the formation of precursors   

     needed for cell wall synthesis, e.g.: muramic acid, pentapeptide,      

     glucosamine.

e. Cycloserine: Acts as same as Vancomycin.

f. Bacitracin: Acts same as Vancomycin.

2- Inhibition of Protein Synthesis:


a) Drugs acting on the 30 S submit: These include:

        * Aminoglycosides: Act by misreading of mRNA & inhibition of     

           the formation of the initiation complex, e.g.: Streptomycin,   

           Gentamycin, Tobramycin, Amikacin, Neomycin, Kanamycin
         * Tetracyclines: Act by blocking the aminoacyl tRNA from 
            entering the acceptor site on the ribosome.
b) Drugs acting on the 50 S submit: Include:
          * Chloramphenicol: Acts by blocking the action of peptidyl-     

             transferase enzyme that is needed for the synthesis of new 
             peptide bonds.

        * Erythromycin: Acts by blocking the translocation of tRNA on    

           the ribosome.

        * Azithromycin: Same as for erythromycin.

        * Clarithromycin: Same as for erythromycin.

        * Clindamycin: Blocks the peptide bond formation.

3- Inhibition of Nucleic Acid Synthesis:


a. Inhibition of Precursor Synthesis: Include:


    * Sulphonamides: Because sulphonamides are structural   

           analogue of PABA, hence bacteria cannot form folic acid   

           (needed to synthesize nucleic acids) from PABA, leading to 
           inhibition of nucleotide synthesis.

    * Trimethoprim: Inhibit nucleotide synthesis by inhibiting   

          formation of the enzyme dihydrofolate reductase.

b. Inhibition of DNA synthesis: Include:
    *  Quinolones: Inhibit DNA synthesis by inhibiting the enzyme   

        DNA gyrase, e.g: ciprofloxacin, norfloxacin, ofloxacin, Nalidixic 
        acid, etc.


* Flucytosine: This is an antifungal that is a nucleoside analogue, 
       hence it inhibits DNA synthesis by competitive inhibition.

c. Inhibition of mRNA synthesis: This is done by:

Rifampicin: Commercially it is known Rifampicin. It acts by blocking mRNA synthesis by inhibiting the bacterial enzyme RNA polymerase.

4- Alteration of cell membrane function:


      a. Bacterial: Include: Polymyxin: Disrupt the phospholipid   

              structure of the cell membrane.


b. Fungal: Include: 
· Amphotericin B: Disrupts the fungus cell membrane owing to its affinity for ergosterol which is a component of fungal cell membranes.

· Nystatin: Disrupts fungus cell membranes.

· Azoles: Inhibit the formation of ergosterol, leading to opening (disruption) of cell membrane, e.g.: Fluconazole, ketoconazole, Miconazole, etc.

5- Other Mechanisms of Action:


      The drugs involved are:


a) Isoniazid: it inhibits mycolic acid formation that is needed for   

         Mycobacterium cell wall Synthesis.


b) Metronidazole: Inhibits DNA synthesis. Also it acts as an electron 
         sink (acceptor) hence prevents anaerobes from reducing oxygen 
         compounds.


c) Griseofulvin: This antifungal acts by preventing formation of   

          the mitotic spindle of dermatophytes.


d) Ethambutol: Acts by inhibiting the cell wall of mycobacteria by 
         preventing the link between mycolic acid and the peptidoglycan.

CHEMOPROPHYLAXIS:
This table shows the chemoprophylactic use of the following drugs:

	Drug
	Chemoprophylactic use to prevent:

	Penicillin

	1-Recurrent pharyngitis in rheumatic fever patients.

2-Syphilis in those exposed to T.pallidum.



	Ampicillin
	Neonatal sepsis & meningitis in children born from mother carrying S. agalactiae

	Ceftriaxone
	Gonorrhoea in those exposed to N. gonorrhoeae


	Rifampicin
	Meningitis in those exposed to N. meningitidis & H. influenzae


	Isoniazid
	Progress of Tuberculosis in these recently infected


	Erythromycin
	Whooping cough in those exposed to B. pertussis


	Tetracycline
	Plague in those exposed to Y. pestis


	Fluconazole
	Cryptococcal meningitis in AIDS patients


	Clotrimozole
	Thrush in AIDS and reduced cell-mediated immunity patients


	Co-trimoxazole
	Pneumocystis pneumonia in AIDS patients


	Pentamidine

	Pneumocystis pneumonia in AIDS patients



